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LETTER  OF  TRANSMITTAL. 


U.  S.  Depabtment  op  Agriculture, 

Bureau  op  Entomology, 
WashingUm,  D,  C,  April  12,  1911. 
Sir:  I  ha've  the  honor  to  transmit  herewith  the  manuscript  of  a 
report  of  progress  on  the  importation  into  the  United  States  of  the 
parasites  of  the  gipsy  moth  and  the  brown-tail  moth.     To  this  has 
been  added  some  consideration  of  previous  and  concurrent  efforts  to 
handle  the  parasites  of  destructive  insects  in  a  practical  way.     The 
work  with   the  foreign  parasites  of  the  gipsy  moth  and  the  browTi- 
tail  moth  has  been  going  on  now  for  rather  more  than  five  years. 
It  promises  excellent  results,  and  the   present  seems  the  proper 
time  to  present  to  the  people  interested  a  somewhat  detailed  account 
of  what  has  been  done  and  of  the  present  condition  of  the  work.     I 
recommend  that  this  manuscript  be  published  as  Bulletin  No.  91 
of  this  bureau. 

Respectfully,  L.  O.  Howard, 

Entomologist  and  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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THE  IMPORT ATION  INTO  THE  UNITED  STATES  OF  THE 
PARASITES  OF  THE  GIPSY  MOTH  AND  THE  BROWN- 
TAIL  MOTH: 

A  REPORT  OF  PROGRESS, 

With  Some  Consideration  op  Previous  and  Concurrent  Efforts  of  this  Kind. 


INTBODITOTION. 

By  L.  O.  Howard, 
Chiefs  Bureau  of  Entomology. 

As  will  appear  from  the  opening  portion  of  this  bulletin,  which 
gives  an  account  of  previous  work  in  the  practical  handling  of  natural 
enemies,  carried  on  in  various  parts  of  the  world,  nothing  comparable 
to  the  work  which  is  to  be  described  has  ever  before  been  undertaken. 
As  will  appear  also,  most  of  the  successful  work  in  this  direction  has 
been  done  with  the  fixed  scale  insects.    The  exceptions  to  this  gen- 
eral statement  among  the  measurably  successful  efforts  have  been  the 
introduction  of  parasites  of  the  sugar-cane  leafhopper  into  Hawaii, 
some  reported  work  in  the  introduction  of  South  American  natural 
enemies  of  fruit  flies  into  Western  Australia,  and  the  introduction  of 
one  of  the  many  European  enemies  of  the  codling  motli  from  Spain 
into  Cahfomia;  but  it  does  not  appear  that  practical  results  of  any 
very  great  value  have  been  achieved  by  the  last  two  introductions, 
although  information  from  Western  Australia  is  scanty.     At  the 
time  when  the  work  began  nothing  practical  had  been  accomplished 
with  the  natural  enemies  of  any  lepidopterous  insects,  and  in  the  whole 
history  of  the  practical  handUng  of  parasites  no  work  of  this  character 
has  ever  been  attempted  upon  anything  like  the  large  scale  with 
which  the  present  work  has  been  carried  on.    Some  studies  had  already 
been  made  both  by  thtf  WTiter  and  by  Mr.  Fiske  on  the  subject  of  the 
intensive  parasitism  of  two  native  species  of  American  motlLs,  and 
for  years  the  bureau  had  been  keeping  records  of  the  rearings  of 
parasites  of  lepidopterous  insects  as  well  as  of  others;  moreover,  the 
writer  had  made  a  careful  study  of  the  records  of  the  rearings  of 
h}Tnenopterous  parasites  from  host  insects  all  over  the  world  and 
had  accumulated  an  enormous  catalogue  of  such  records.     Never- 
theless the  initial  work  on  such  a  scale  was  experimental  in  its  charac- 
ter.  It  seemed  to  the  writer  that  by  attempting  to  reproduce  in  New 
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England  as  nearly  as  possible  the  entire  natural  environment  of  the 
gipsy  moth  and  the  brown-tail  moth  in  their  native  homes,  similar 
conditions  of  comparative  scarcity  could  surely  be  reached,  and  this 
view  he  still  holds  with  enthusiasm.  Naturally,  in  the  course  of  the 
work  as  it  progressed  year  after  year  his  ideas  have  been  changed  as 
to  methods,  and  very  great  improvements  have  been  made  upon  the 
earlier  methods,  largely  through  the  intelligence  and  ingenuity  of 
the  junior  author  of  this  bulletin.  Moreover,  the  careful,  intensive 
studies  which  have  been  made  at  the  gipsy-moth  parasite  laboratory 
by  the  junior  author  and  a  corps  of  trained  assistants,  aided  by 
abundant  material,  funds,  and  supplies,  have  resulted  not  only  in  the 
ascertainment  of  very  many  facts  new  to  science,  but  in  the  accumu- 
lation of  such  facts  to  such  a  degree  as  to  enable  generalizations  of  a 
novel  character  and  of  a  sounder  basis  than  could  have  been  had 
under  other  conditions.  Many  points  are  brought  out  in  this  bulletin 
which  will  doubtless  be  entirely  new  to  the  trained  scientific  reader. 
Mistakes  have  been  made  and  wrong  conclusions  have  been  drawn 
from  time  to  time,  but  these  have  been  corrected,  and  we  are  now  in 
a  fair  way  to  see  a  favorable  result  from  the  long  and  expensive  work. 

The  initial  idea  was  that  since  a  large  percentage  of  gipsy-moth 
caterpillars  or  brown-tail  moth  caterpillars  in  Europe  contains  para- 
sites each  year,  therefore  if  these  caterpillars  were  brought  to  America 
in  large  numbers  from  every  possible  place  we  could  not  fail  to  rear 
from  them  an  abundance  of  adult  foreign  parasites.  This  idea  was 
sound,  and  in  following  it  out  we  have  constantly  improved  the 
methods — methods  of  collection,  of  packing,  of  shipment,  and  of 
subsequent  rearing.  Very  large  numbers  of  parasites  have  been 
reared. 

It  was  first  thought  that  when  parasites  had  been  reared  in  suffi- 
cient numbers  they  should  be  widely  distributed  in  small  colonies,  on 
the  theory  that  each  colony  would  remain  in  substantially  the  same 
general  locality  and  would  increase  and  spread  from  that  point.  This 
idea  was  a  natural  one  and  was  fully  justified  by  previous  work  which 
had  been  done  with  parasites  of  other  groups  of  insects,  but  in  this 
case  it  proved  to  be  erroneous,  and  valuable  time  and  valuable  speci- 
mens were  lost.  Eventually  it  was  shown  to  be  of  prime  importance, 
first  to  establish  a  given  species  of  parasite  in  this  country,  and  not 
until  this  has  been  accomplished  to  pay  any  attention  to  the  matter 
of  dispersion.  It  seems  to  be  the  first  instinct  of  many  species  that 
have  been  imported  to  spread  widely.  Therefore,  if  the  colony  put 
out  be  a  small  one  the  individuals  composing  it  spread  rapidly 
beyond  all  means  of  meeting  and  of  mating,  and  thus  the  colonies  in 
many  instances  were  lost.  By  rearing  in  the  laboratory,  however, 
until  colonies  of  at  least  a  thousand  are  to  be  had,  such  colonies 
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while  dispersing  are  much  more  likely  to  remain  in  touch,  mate,  and 
multiply. 

By  methods  based  upon  the  first  idea,  and  by  the  subsequent  modi- 
fication of  the  second  idea,  some  of  the  most  important  natural  ene- 
mies of  both  species  have  been  established  in  the  United  States  to  a 
certainty.  It  has  been  found  with  several  species  that  they  could  not 
be  recovered  until  after  three  years  had  elapsed  from  the  time  of  the 
original  colonization;  hence  it  follows  with  a  reasonable  certainty 
that  other  species  which  have  not  been  recovered  will  ultimately  be 
recovered  as  a  result  of  colonization  one,  two,  and  three,  and  even 
perhaps  four  years  ago.  It  is  deemed,  however,  at  tliis  time  that 
nearly  as  much  has  been  accomplished  as  can  be  accomplished  by  the 
-earUer  methods,  and  subsequent  efforts  will  be  devoted  to  a  more 
specific  attempt  to  import  the  species  still  lacking,  several  of  wliich 
are  kno^Mi  in  their  original  homes  to  be  of  very  great  importance.  As 
will  be  pointed  out  elsewhere,  attempts  will  also  be  made  to  import  the 
species  which,  while  of  lesser  importance  at  home,  may  here  fill  in 
gaps  and  may  possibly  multiply  to  an  unprecedented  extent  in  the 
face  of  new  conditions  and  a  superabundance  of  host  material. 

The  work  has  been  going  on  since  1905.  Nothing  has  been  pub- 
lished concerning  its  progress  except  the  short  accounts  in  the  annual 
reports  of  the  writer  submitted  each  year  to  the  Secret  ar>'  of  Agri- 
culture, and  except  a  bulletin  on  the  general  subject  {)repared  by  the 
junior  author  and  published  by  the  State  forester  of  Massachusetts. 
It  is  hoped  that  the  present  account  will  be  deemed  a  satisfactory 
reply  to  all  expressed  desire  for  information  as  to  progress. 

The  joint  authorship  of  the  bulletin  is  deemed  desirable  by  both 
authors,  but  the  writer  takes  it  upon  himself  to  sign  this  introduction 
for  the  explicit  purpose  of  statmg  in  his  own  way  the  conditions  under 
which  it  has  been  prepared.  The  work  from  the  beginning  has  been 
under  the  direct  supervision  of  the  writer,  and  he  is  therefore  to  be 
held  responsible  for  any  failures  in  the  speedy  accomplishment  of 
results,  but  the  greatest  credit  in  bringing  about  the  results  wliich 
have  been  accomplished,  he  wishes  frankly  to  state,  belongs  to  Mr. 
Fiske.  Following  the  breakdown  in  health  of  Mr.  E.  S.  G.  Titus  in 
the  spring  of  1907,  as  is  shown  in  the  bulletin,  Mr.  Fiske  was  stationed 
at  the  parasite  laboratory  and  has  since  been  given  every"  freedom  in 
the  conduct  of  its  affairs.  Nearly  every  suggestion  which  he  has 
made,  while  it  has  been  fully  discussed  by  the  two  of  us,  has  been 
adopted.  The  ingenuity  which  he  has  displayed  in  matters  of  method 
and  the  broad  grasp  which  he  has  shown  of  the  whole  phenomena  of 
parasitism  in  insects,  together  with  his  competent  and  practical 
grouping  of  his  ideas,  deserve  every  praise.  Such  portions  of  the 
bulletin  as  were  dictated  by  the  writer  have  received  the  editorial 
criticism  of  the  junior  author,  and  the  portions  prepared  by  the  latter 
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have  received  a  most  careful  consideration  and  editorial  pruning  of 
the  writer.  Mr.  Fiske,  by  virtue  of  his  practical  residence  at  the  field 
laboratory  and  of  his  intimate  charge  of  all  the  field  notes  and  labo- 
ratory notes,  has  prepared  all  of  the  matter  in  this  bulletin  relating  to 
the  laboratory  and  field  end,  subject,  of  course,  to  the  writer's  revision. 
The  rest  has  been  prepared  by  the  senior  author. 

Acknowledgements  of  assistance  should  be  made  by  the  score.  The 
State  authorities  of  Massachusetts,  the  admirable  corps  of  laboratory 
and  field  assistants,  and  above  all  the  very"  numerous  foreign  officials, 
voluntary  assistants,  and  paid  observers  have  united  to  make  the 
undertaking  possible.  Their  individual  names  are  all  mentioned  in 
the  following  pages  in  connection  with  the  parts  they  played,  but  the 
Governments  of  Austria,  France,  Germany,  Hungary,  Italy,  Japan, 
Portugal,  Russia,  and  Spain  should  especially  be  thanked  in  an  official 
publication  like  this  for  the  assistance  given  by  the  officials  of  these 
Governments. 

PBEVIOITS   WORK  IN  THE   PRACTICAL  HANDLING   OP   NATTJBAL 
ENEMIES  OP  INJTJBIOITS  INSECTS. 

Two  very  thorough  and  careful  general  papers  on  the  subject  of  the 
practical  handUng  of  natural  enemies  of  insects,  treating  the  subject 
from  the  different  points  of  view,  including  the  historical  side,  have 
been  pubUshed  in  the  last  few  years.  The  first  of  these,  entitled  *  *  The 
Utilization  of  AuxiUary  Entomophagous  Insects  in  the  Struggle 
against  Insects  Injurious  to  Agriculture,^'  by  Prof.  Paul  Marchal,  of  the 
National  Agronomical  Institute  of  Paris,  was  published  in  1907,*  and 
was  partly  republished  in  English  in  tlic  Popular  Science  Monthly  in 
1908.2  The  other,  by  Prof .  F.  Silvestri,  of  the  Royal  Agricultural  School 
at  Portici,  Italy,  entitled  "Consideration  of  the  Existing  Condition  of 
Agricultural  Entomology  in  the  United  States  of  North  America,  and 
Suggestions  which  can  be  Gained  from  it  for  the  Benefit  of  Italian 
iVgriculture,^'  was  published  in  1909.'  This  paper  was  in  part  trans- 
lated into  English  and  published  in  the  Hawaiian  Forester  and  Agri- 
culturist for  August,  1909.  Both  of  these  papers  should  be  consulted 
by  persons  wishing  to  inform  themselves  thorouglUy  on  tliis  question. 
For  the  present  purpose,  treatment  of  the  subject  must  be  brief. 

The  study  of  parasitic  and  predatory  insects  is  old.  Silvestri  has 
pointed  out  tliat  iUdrovandi  (1602)  was  the  first  to  observe  the  exit  of 
the  larvie  of  Apanteles  glomeratus  L.  (wluch  he  supposed  to  be  eggs) 
from  the  common  cabbage  caterpillar,  and  tliat  Redi  (1668)  pul)- 
lished  tlie  same  observation  and  another  on  insects  of  different 
species  born  from  tlie  same  pupa.     A  later  write  r,  ValHsiiieri  (1661- 

»  Annals  of  the  National  Agronomical  InNtilute  (Superior  School  of  Agriculture),  second  series  vol.  6,  no. 
2,  rP-  -*^1  3:>4,  Paris,  1907. 
-•  Popular  Science  Monthly. vol.  72.  pp.  ;r){-37(),  407-119,  April  and  May.  HK)S. 
3  Buliolin  of  the  Society  of  Italian  Agriculturi.sts,  vol.  14,  no.  8,  pp.  .m5-307,  Apr.  30, 1909. 
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1730)  was  apparently  the  first  to  discover  the  real  nature  of  this  phe- 
nomenon and  to  realize  the  existence  of  true  parasitic  insects.  Reau- 
mur (1683-1757)  and  De  Geer  (1720-1778)  each  studied  the  life  his- 
tories of  living  insects  with  great  care  and  among  these  worked  out 
the  biology  of  a  number  of  parasites.  Very  many  descriptive  works 
on  parasites  were  published  in  the  closing  years  of  the  eighteenth 
century  and  the  beginning  of  the  nineteenth  centiuy,  especially  by 
Dalman  (1778-1828),  Nees  ab  Esenbeck  (1776-1858),  Gravenhorst 
(1777-1857),  Walker  (publishing  from  1833  to  1861),  Westwood 
(publishing  from  1827  on  through  nearly  the  whole  of  the  century), 
Forster  (publishing  from  1841  on),  and  Spinola  (1780-1857). 

Many  later  writers  have  contributed  to  the  systematic  study  of 
these  insects,  among  them  Holmgren  and  Thomson,  of  Sweden; 
Mayr,  of  Austria;  Motschulsky,  of  Russia;  Ratzeburg,  Hartig,  and 
Schmiedeknecht,  of  Germany;  Wesmael,  of  Belgium;  Haliday, 
Marshall,  and  Cameron,  of  England;  Rondani,  of  Italy;  BruUfi, 
Giraud,  Decanx,  and  others  in  France;  Provancher,  of  Canada;  and, 
in  America,  Cresson,  Riley,  Howard,  Ashmead,  Crawford,  Viereck, 
Bnies,  Giranlt,  and  others. 

The  best  contribution  appearing  in  Europe  and  devoted  to  the 
biology  of  hymenopterous  parasites,  and  especially  consideration  of 
their  relations  to  their  hosts,  was  that  by  Ratzeburg,  whose  great 
work  entitled  ''Die  Ichneumonen  der  Forstinsekten,"  was  a  standard 
for  many  years.  Ratzeburg  understood  the  r61e  played  by  parasites 
in  the  control  of  forest  insects,  but  did  not  believe  that  this  control 
could  in  any  way  be  facihtated  by  man. 

EARLY  PRACTICAL  WORK. 

Froggatt  has  pointed  out  that  probably  the  earliest  suggestion 
made  regarding  the  artificial  handling  of  beneficial  insects  vf  as  printed 
in  Kirby  and  Spence's  entomology  (1816),  where  the  authors  called 
attention  to  the  value  of  the  conmion  English  ladybird  as  destroying 
the  hop  aphis  in  the  south  of  England.  '*If  we  could  but  discover  a 
mode  of  increasing  these  insects  at  will,  we  might  not  only  clear  our  hot- 
houses of  aphides  by  their  means,  but  render  our  crops  of  hops  much 
more  certain  than  they  are  now."  As  a  matter  of  fact,  gardeners 
and  florists  in  England  for  very  many  years  have  recognized  the  value 
of  the  ladybirds  and  have  transferred  them  from  one  plat  to  another. 

Prof.  A.  Trotter,  of  the  Royal  School  of  Viticulture  at  Avellrno, 
Italy,  has  recently  pointed  out  in  an  interesting  paper  entitled  ''Two 
Precursors  in  the  Application  of  Carnivorous  Insects,"  published  in 
Redia,  in  1908.*  that  probably  the  first  person  to  make  a  practical 
application  of  the  natural  enemies  of  injurious  species  was  Prof. 

1  Redia,  vol.  5,  pp.  126-132,  Florence,  1908. 
96677*— BuU.  91—11 2 
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Boisgiraud,  of  Poitiers,  France,  in  1840.  Prof.  Trotter  found  this 
reference  in  a  little-known  paper  by  N.  Joly,  published  in  1842,  and 
entitled  * '  Notice  of  the  Ravages  which  Liparis  dispar  L.  has  made 
around  Toulouse,  followed  by  some  Reflexions  upon  a  Method  of 
Destroying  Certain  Insects.*'  It  seems  that  Boisgiraud,  about  1840, 
freed  the  poplars  along  a  road  near  Poitiers  of  the  gipsy  moth  by 
placing  upon  them  the  carabid  beetle  Calosoma  sycophanta  L.,  and 
destroyed  earwigs  in  his  own  garden  by  placing  with  them  a  rove 
beetle  (Staphylinus  olens  Mull).  He  also  experimented  against  the 
same  insect  with  the  ground  beetle  Carahus  auratus  L.  His  experi- 
ment must  have  become  rather  well  known  at  the  time,  since  Prof. 
Trotter  points  out  that  in  1843  the  technical  commission  of  the 
Society  for  the  Encouragement  of  Arts  and  Crafts  of  Milan  offered  a 
gold  medal  to  be  given  in  1845  to  the  person  who  in  the  meantime 
should  have  undertaken  with  some  success  new  experiments  tending  to 
promote  the  artificial  development  of  some  species  of  carnivorous 
insects  which  could  be  used  efficaciously  to  destroy  another  species  of 
insect  recognized  as  injurious  to  agriculture.  This  offer  drew  forth  a 
memoir  from  Antonio  Villa,  a  well-known  writer  on  entomology,  who 
had  previously  confined  himself  to  the  Coleoptera,  entitled  *^The  Car- 
nivorous Insects  used  to  Destroy  the  Species  Injurious  to  Agricul- 
ture." This  memoir  was  presented  December  26,  1844,  and  he  advo- 
cated the  employment  of  cUmbing  carabid  beetles  for  tree-inhabiting 
forms,  rove  beetles  to  destroy  the  insects  found  in  flowers,  and  ground 
beetles  for  cutworms  and  other  earth-inhabiting  forms.  The  paper 
of  Villa  was  praised  in  certain  reviews  and  criticized  in  others.  It 
seems  to  have  been  entirely  lost  sight  of  in  later  years. 

A  later  Itahan  writer,  Rondani,  who  devoted  himself  for  the  most 
part  to  systematic  work,  appreciated  the  practical  importance  of 
parasite  work  and  published  tables  giving  the  host  relations  of  differ- 
ent species.  His  work  influenced  many  arguments  in  the  dispute 
which  sprang  up  in  Italy  about  1868  as  to  the  usefulness  of  insec- 
tivorous birds  to  agriculture,  and  Silvestri  calls  attention  to  the  fact 
that  Dr.  T.  Bellenghi  was  referring  to  Rondani  when,  in  1872,  he  spoke 
what  Silvestri  calls  ^Hhe  prophetic  words  :^*  **  Entomological  para- 
sitism has  a  future,  and  in  it  more  than  in  anything  else  Itahan  agri- 
culture must  put  its  faith.  ^' 

PERMITTING  THE  PARASITES  TO  ESCAPE. 

The  earUest  pubUshed  suggestion  as  to  the  practical  use  of  para- 
sites of  injurious  insects,  by  permitting  the  parasites  to  escape  while 
the  host  insect  is  killed,  appears  to  have  been  made  by  C.  V.  Riley 
when  State  entomologist  of  Missouri.  Writing  of  the  rascal  leaf- 
crumpler  (Mineola  indiginella  Zell.)  in  his  Fourth  Report  on  the 
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Insects  of  Missouri/  he  advocated  the  collecting  of  the  winter  cases  of 
the  destructive  insect  and  placing  the  cases  in  small  vessels  in  the 
center  of  a  meadow  or  field,  away  from  any  fruit  trees,  with  the  idea 
tiiat  the  wonns  would  be  able  to  wander  only  a  few  yards  and  would 
perish  from  exhaustion  or  starvation,  while  their  parasites  would 
escape  and  fly  back  to  the  fruit  trees.  It  is  stated  that  this  method 
was  put  in  practice  later  by  D.  B.  Wier  with  success. 

A  French  writer,  F.  Decaux,  the  following  year  made  practically 
the  same  suggestion  with  regard  to  apple  buds  attacked  by  Antlxono- 
mus.  He  advised  that  instead  of  burning  these  buds,  as  was  gener- 
ally done,  they  be  preserved  in  boxes  covered  with  gauze,  raising  the 
latter  from  time  to  time  during  the  period  of  issuing  of  parasites  so  as 
to  permit  them  to  escape.  In  1880  he  put  this  method  in  practice, 
and  collected  in  Picardy  buds  reddened  by  the  Anthonomus  from 
800  apple  trees,  and  thus  accomplished  the  destruction  of  more  than 
1,000,000  individuals  of  the  Anthonomus,  setting  at  hberty  about 
250,000  parasites  which  aided  the  following  year  in  the  destruction  of 
the  weevils.  The  following  year  the  same  process  was  repeated,  and, 
the  orchards  being  isolated  in  the  middle  of  cultivated  fields,  all  serious 
damage  from  the  Anthonomus  was  stated  to  have  been  stopped  for 
10  years.^ 

PracticaUy  the  same  suggestion  was  made  later,  in  1877,  by  J.  II. 
Comstock,  in  regard  to  the  imported  cabbage  worm  (Pontia  rapse  L.). 
Comstock  deprecated  the  indiscriminate  crushing  of  the  chrysalids 
collected  under  trap  boards,  on  account  of  the  large  percentage  which 
contained  parasites.  He  recommended  instead  the  collecting  of  the 
chrysaUds  and  placing  them  in  a  box  covered  with  a  wire  screen  which 
should  permit  the  parasites  to  escape  and  at  the  same  time  confine  the 
butterflies  so  that  they  could  be  easily  destroyed.  The  same  author, 
in  his  report  upon  cotton  insects,^  recommended  a  similar  course  with 
the  pup«B  of  the  cotton  caterpillar  (Alabama  argillacea  Hiibn.). 

Riley  later  recommended  the  same  plan  for  the  bagworm  ( Thjridop- 
teryx  ephemerseformis  Haw.) ;  Berlese  in  Italy  recommended  it  for  the 
grapevine  CochyUs,  and  Silvestri  for  the  olive  fly  (Dacus  olese  Rossi), 
for  Prays  oleeUus  Fab.,  and  for  Asphondylia  lupini  Silv. 

Writing  on  the  Hessian  fly,  Marchal  has  pointed  out  that  the 
destruction  of  the  stubble  remaining  in  the  field  after  harvest  may 
have  unfortunate  consequences,  for  if  this  is  done  a  little  late  there  is 
a  risk  that  all  of  the  destructive  flies  will  have  emerged  and  aban- 
doned the  stubble,  exposing  to  destruction  only  the  parasites  whose 
part  would  have  been  to  stop  the  invasion  the  following  year.  Mar- 
chal also  points  out  that  Kieffer  has  shown  that  one  of  the  measures 

» RUey,  C.  V.  Fourth  Report  on  the  Insects  of  Missouri,  p.  40, 1871. 

'  An  excellent  article  covering  these  general  questions  was  published  by  Decaux  in  the  Journal  of  the 
National  Horticultural  Society  of  France,  vol.  22,  pp.  158-184, 1809. 
*  Cotton  Insects,  pp.  230-231,  Washington,  1879. 
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advised  for  the  destruction  of  the  wheat  midge  (Contarinia  tritici 
Kirby),  namely,  burning  the  d6bris  after  thrashing,  has  only  an 
injurious  effect,  for,  while  it  is  true  that  the  pup»  of  the  midge  are  to 
be  found  in  this  d6bris,  it  should  be  remembered  that  the  healthy 
nonparasitized  larv»  of  the  midge  transform  in  the  ground,  while 
those  which  remain  in  the  heads  are,  on  the  contrary,  parasitized. 

Still  another  method  of  encouraging  parasites  is  pointed  out  by 
Marchal  and  Silvestri.  It  is  to  cultivate  in  the  oUve  groves  various 
plants  upon  which  allied  insects  Uve  which  are  parasitized  by  the  same 
species  of  parasites  as  the  oUve  fly.  This  idea,  independently  devel- 
oped in  the  United.States,  has  been  practically  used  by  Hunter  in  the 
fight  against  the  cotton-boll  weevil.  Allied  insects  feeding  in  certain 
weeds  along  the  borders  of  the  cotton  fields  have  parasites  capable  of 
attacking  the  boll  weevil.  Careful  study  of  the  biology  of  these  allied 
weevils  and  of  their  parasites  resulted  in  the  gaining  of  the  information 
that  if  the  weeds  are  cut  at  a  certain  time  the  parasites  are  forced  to 
attack  the  cotton-boU  weevil  in  order  to  maintain  their  existence; 
actual  experimentation  has  resulted  in  the  very  considerable  increas- 
ing of  the  percentage  of  parasitism  of  the  cotton-boll  weevil  in  this 
way. 

THE  TRANSPORTATION  OF  PARASITES  FROM  ONE  PART  OF  A  GIVEN 
COUNTRY  TO  ANOTHER  PART. 

In  1872  attempts  were  made  by  Dr.  William  Le  Baron,  at  that  time 
State  entomologist  of  lUinois,  to  transport  Aphdinus  mali  Le  Baron, 
a  parasite  of  the  oyster-shell  scale  of  the  apple  (Lepidosaphes  vlmi  L.) 
from  one  part  of  the  State  of  Illinois  to  another  portion  of  the  same 
State  where  the  parasite  seemed  to  be  lacking.  Some  slight  success 
was  reported,  and  at  the  end  of  the  year  it  was  stated  that  the  para- 
site had  become  domiciled  in  the  new  locality,  but,  as  this  parasite 
subsequently  proved  to  be  one  of  general  American  distribution,  the 
experiment  can  not  be  said  to  have  been  worth  while  except  in  a  very 
small  way. 

In  France,  F.  Decaux,  above  quoted,  in  1872,  made  some  exi>eri- 
ments  in  the  transportation  of  parasites  from  one  locality  to  another. 

Riley,  in  his  third  report  as  State  entomologist  of  Missouri  (1870) 
in  considering  two  parasites  of  the  plum  curcuUo,  stated  that  he 
intended  the  following  year,  if  possible,  to  rear  enough  specimens  of 
Sigalphus  curculionis  Fitch  to  send  at  least  a  dozen  to  every  county 
seat  in  the  State  and  have  them  liberated  in  someone's  peach  orchard. 
There  seems,  however,  to  be  no  record  that  this  was  ever  done. 

In  1880,  in  his  report  on  the  parasites  of  the  Coccidse  in  the  collec- 
tion of  the  Department  of  Agriculture,*  the  senior  author  called  atten- 
tion to  tlie  fact  that  witli  the  parasites  of  scales  the  matter  of  trans- 


»  Annual  Report  U.  8.  Department  of  Agriculture  for  1880,  p.  361. 
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portation  from  one  part  of  the  country  to  another  becomes  ea«y,  since 
all  that  has  to  be  done  is  simply  to  collect  twigs  bearing  the  scales, 
preferably  during  the 
winter  months,  and 
carry  them  to  non- 
protected regions, 
the  parasites  being 
dormant  and  pro- 
tected each  by  the 
scale  of  the  coccid 
which  it  had  de- 
stroyed; and  it  was 
specifically  recom- 
mended that  the  im- 
portant parasite  of 
the  black  scale  (Sais- 
setia  dlex  Bern.),  de- 
scribed in  the  article 
as  Tamocera  calif  or- 
nica,  could  be  readily 
carried  from  California 
in  the  Southeast. 


Fio.  l.—Pniyonohu  hiemaUa^  a  parasite  of  the  Hessian  fly:  Adult. 
Greatly  enlarged.    (From  Webster.) 


and    utilized  to  destroy   Lecanium  scales 


Excellent  work  in  this  direction  has  been  done  of 
late  years  by  the  Bureau  of  Entomology.  In  the  study 
of  the  Hessian  fly  (Mayetiola  destructor  Say),  under 
Prof.  F.  M.  Webster,  early-sown  plats  of  wheat  at 
Lansing,  Mich.,  and  Marion,  Pa.,  in  1906,  were  very 
seriously  attacked  by  the  Hessian  fly,  but  when  ex- 
amined carefully  at  a  later  date  fully  90  per  cent  of  the 
flaxseeds  (pupas)  were  found  to  have  been  stung  by  u 
hymenopterous  parasite,  Polygnoius  hiemalis  Forbe:> 
(figs.  1,  2),  and  to  contain  its  developing  larvse.  A 
field  of  wheat  near  Sharpsburg,  Md.,  was  found  to  bo 
infested  by  the  fly,  and  examination  indicated  the  ab- 
sence of  the  parasite.  On  April  8,  1907,  a  large  num- 
ber of  the  parasitized  flaxseeds  from  Marion,  Pa., 
were  brought  to  Sharpsburg  and  placed  in  the  field. 
On  July  8  an  examination  of  the  Sharpsburg  field 
showed  that  the  parasites  had  taken  hold  to  such  an 
extent  that  of  the  large  number  of  flaxseeds  taken  and 
brought  to  the  laboratory  for  investigation  not  one 
was  found  which  had  not  been  parasitized.  Additional 
material  secured  from  Sharpsburg  in  the  spring  of  1908 
in  the  same  locality  showed  all  of  the  Hessian  flies  to  be  parasitized. 
In  the  same  way  excellent  results  have  been  obtained  in  the  investi- 
gation of  the  cotton-boll  weevil,  under  Mr.  W.  D.  Hunter.     In  the 


Fig.  Z—Polygnotus 
hiemalis:  Adults 
which  have  de- 
veloped within 
the  "  flaxseed  " 
of  the  Hessian 
fly  and  are  ready 
to  emerge.  Much 
enlarged.  (From 
Webster.) 
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summer  of  1906  a  number  of  parasites  were  taken  from  Waco,  Tex., 
and  liberated  in  a  cotton  field  near  Dallas,  Tex.,  and  apparently  by 
this  means  the  mortality  rate  due  to  parasites  was  raised  in  a  few 
•  weeks  about  9  per  cent.  Later,  parasites  were  introduced  from  Texas 
into  Louisiana  and  increased  the  mortality  of  the  weevil.  Work  of 
this  character  is  still  being  carried  on  by  Mr.  Hunter,  and  elaborate, 
although  as  yet  unsuccessful,  experiments  have  been  made  by  Web- 
ster in  the  transfer  of  the  hymenopterous  parasite  LysipJdehus  tritici 
Ashm.  (fig.  3)  from  southern  points  into  Kansas  wheat  fields  for  the 
destruction  of  the  spring  grain  aphis  or  so-called  *' green  bug''  (Toxop- 
tera  graminum  Rond.),  definite  results  being  prevented  by  tlie  occur- 
rence of  the  parasite  throughout  the  range  of  the  destructive  insect, 
parasitic,  as  it  is,  upon  other  species  of  plant  lice. 

Prof.  S.  J.  Hunter,  of  the  University  of  Kansas,  however,  in  the 
Bulletin  of  the  University  (vol.  9,  p.  2)  states  that  he  was  able,  in 
1908,  to  hasten  the  destruction  of  the  Toxoptera  in  Kansas  by  the 
importation  of  Lysiphlebus  from  some  other  point. 

In  the  last  two  years 
some  very  interesting 
work  has  been  carried 
on  by  the  State  Horticul- 
tural Commission  of  Cal- 
ifornia in  the  way  of  col- 
lecting CoccinellidfiB  on  a 
large  scale  in  their  hiber- 
nating quarters,  boxing 

FiQ.3.—2ij'»<p«<6t«fH«ci  attacking  a  grain  aphis.    Enlarged.       them,  and  Sending   them 

to  different  parts  of  the 
State  for  use  against  plant  lice  upon  truck  crops.  The  biennial  report 
of  the  conunissioner  of  horticulture  for  1907-8,  published  in  Sacra- 
mento in  1909,  for  example,  indicates  that  50,000  specimens  of  the 
ladybird  beetles  Hippodamia  convergens  Gu6r.  and  CoccineUa  caU- 
fomica  Mann,  had  been  so  collected.  This,  however,  was  very  small 
compared  to  the  scale  upon  which  these  insects  were  collected  dur- 
ing the  winter  of  1909-10.  Mr.  E.  K.  Cames,  of  the  commission, 
writing  to  the  Bureau  of  Entomology  under  date  of  March  14,  1910, 
makes  the  following  statement: 

We  have  quite  a  sight  at  the  insectary  now — over  a  ton  of  Hippodamia  convergens, 
boxed  in  60,000  lots  each,  screened  cases,  and  in  our  own  cold  storage.  We  handle 
them  in  large  cages,  run  them  into  a  chute,  and  handle  like  grain.  They  are  for  the 
melon  growers  of  the  Imperial  Valley. 

This  species  collects  in  large  numbers  late  in  summer  and  early  in 
the  autumn  at  the  bases  of  plants  in  the  mountain  valleys  and  can 
easily  be  collected  by  the  sackful.  The  actual  good  accomplished  by 
the  distribution  of  these  ladybirds  among  the  melon  growers  has  not 
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yet  been  reported  upon,  but  theoretically  speaking  the  experiment 
should  have  excellent  results. 

THE  TRANSFER  OF  BENEFICIAL  INSECTS  FROM  ONE  COUNTRY  TO 

ANOTHER. 

Early  Attempts. 

Dr.  Asa  Fitch,  for  many  years  State  entomologist  of  New  York, 
was  probably  the  first  entomologist  in  America,  or  elsewhere  for  that 
matter,  to  take  into  serious  consideration  the  question  of  the  transfer 
of  beneficial  insects  from  one  country  to  another.  In  1854,  following 
a  disastrous  attack  upon  the  wheat  crop  of  the  eastern  United  States 
by  the  wheat  midge  (Contarinia  tritid  Kirby),  a  species  that  had  been 
accidentally  introduced  from  Europe  during  the  early  part  of  that 
century,  Dr.  Fitch,  who  had  made  a  careful  study  of  the  insect  both 
in  this  country  and  from  the  European  records,  was  struck  with  the 
fact  that  in  Europe  the  insect  in  ordinary  seasons  did  no  damage,  and 
that  when  occasionally  it  became  so  multiplied  as  to  attract  notice  it 
was  but  a  transitory  evil  which  subsided  soon  and  was  not  heard  of 
again  for  a  number  of  years.  He  was  aware  that  in  Europe  certain 
parasites  of  this  insect  were  found,  and.  Comparing  the  insects  taken 
from  wheat  in  flower  in  France  with  those  taken  from  wheat  in  flower 
m  New  York,  he  found  that  in  France  the  wheat  midge  constituted 
but  7  per  cent  of  the  insects  thus  taken,  while  its  parasites  constituted 
85  per  cent;  whereas  in  New  York  the  wheat  midge  formed  59  per 
cent  of  the  insects  thus  captured,  and  there  were  no  certain  parasites. 
He  speculated  as  to  the  cause  for  this  extraordinary  difference  and 
wrote: 

There  must  be  a  cause  for  this  remarkable  difference.  WTiat  can  that  cause  be? 
I  can  impute  it  to  only  one  thing;  we  here  are  destitute  of  nature's  appointed  means 
for  repressing  and  subduing  this  insect.  Those  other  insects  which  have  been  created 
for  the  purpose  of  quelling  this  species  and  keeping  it  restrained  within  its  appropriate 
sphere  have  never  yet  reached  our  shores.  We  have  received  the  evil  without  the 
remedy.  And  thus  the  midge  is  able  to  multiply  and  flourish,  to  revel  and  riot,  year 
after  year,  without  let  or  hindrance.  This  certainly  would  seem  to  be  the  principal  if 
not  the  sole  cause  why  the  career  of  this  insect  here  is  so  very  different  from  what  it  is 
in  the  Old  World. 

Quite  naturally  after  this  train  of  reasoning  had  entered  his  brain, 
Dr.  Fitch  made  an  effort  to  introduce  the  European  parasites  of  the 
wheat  midge,  and  in  May,  1855,  addressed  a  letter  to  John  Curtis, 
the  famous  English  economic  entomologist,  and  at  that  time  president 
of  the  Entomological  Society  of  London,  informing  him  of  the  immense 
amount  of  damage  done  by  the  midge  in  America  and  suggesting  the 
manner  in  which  parasitized  larvse  could  be  secured  in  England  and 
transmitted  alive  to  this  country.  Mr.  Curtis  was  ill  and  on  the  point 
of  starting  for  the  Continent,  but  laid  the  letter  before  the  Entomolog- 
ical Society  of  London,  which  resulted  in  the  adoption  of  a  resolution 
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to  the  effect  that  if  any  member  of  the  society  should  be  able  to  find 
parasitized  midges  he  should  send  them  to  Dr.  Fitch. 

Nothing  ever  came  of  this  effort,  but  it  is  of  interest  on  account  of 
its  apparent  priority  over  other  experimentation  of  this  kind. 

The  next  international  attempt  seems  to  have  been  made  in  1873, 
when  Planchon  and  Riley  introduced  into  France  an  American 
predatory  mite  (TyroglypTius  phyUoxerse  Riley)  which  feeds  on  the 
grapevine  Phylloxera  in  the  United  States.  The  mite  became  estab- 
lished, but  accomplished  no  appreciable  results  in  the  way  of  checking 
the  famous  grapevine  pest. 

In  1874  efforts  were  made  to  send  certain  parasites  of  plant  lice 
from  England  to  New^Zealand,  but  without  results  of  value,  although 
GocdneUa  undecimpunctata  L.  is  said  to  have  become  established. 

In  1883  Riley  imported  the  braconid  Apantdes  glomeratus  into  the 
United  States  from  Europe,  where  it  is  an  abundant  enemy  of  the 
imported  cabbage  worm  (JPontia  rapse  L.).  This  species  has  since 
established  itself  in  the  United  States  and  has  proved  a  valuable 
addition  to  the  North  American  fauna. 

The  Australian  LADYsraD  (Novius  Oardinalis  Muls  (in  the  United  States). 

But  all  previous  experiments  of  this  nature  were  completely  over- 
shadowed by  the  remarkable  success  of  the  importation  of  ( Vedalia) 
Novius  cardinalis  Muls.  (fig.  4),  a  coccineUid  beetle,  or  ladybird, 
from  AustraUa  into  California  in  1889.  The  orange  and  lemon  groves 
of  California  had  for  some  years  been  threatened  with  extinction  by 
the  injurious  work  of  the  fluted  or  cottony  cushion  scale  (Icerya  pur- 
chasi  Mask.)  a  large'  scale  insect  which  the  careful  investigations  of 
Prof.  Riley  and  his  force  of  entomologists  at  the  United  States 
Department  of  Agriculture  had  shown  to  have  been  originally 
imported,  by  accident,  from  Australia  or  from  New  Zealand,  where  it 
had  originally  been  described  by  the  New  Zealand  coccidologist,  the 
late  W.  M.  Maskell.  The  Division  of  Entomology  had  been  for  several 
years  engaged  in  an  active  campaign  against  this  insect,  and  had  dis- 
covered washes  wliich  could  be  applied  at  a  comparatively  slight  ex- 
pense and  which  would  destroy  the  scale  insect.  It  had  also  in  the 
course  of  its  investigations  discovered  theappUcabilityof  hydrocyanic- 
acid  gas  under  tents  as  a  method  of  fumigating  orchards  and  destroy- 
ing the  scale.  The  growers,  however,  had  become  so  thoroughly  dis- 
heartened by  the  ravages  of  the  insect  that  they  were  no  longer  in  a 
frame  of  mind  to  use  even  the  cheap  insecticide  washes,  and  many  of 
them  were  destroying  their  groves.  In  the  meantime,  through  some 
correspondence  in  the  search  for  the  original  home  of  the  scale  insect, 
Prof.  Riley  had  discovered  that  while  the  species  occurred  in  parts  of 
Australia  it  was  not  injurious  in  those  regions.     In  New  Zealand  it 
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also  occurred,  but  was  abundant  and  injurious.  He  therefore  argued 
that  the  insect  \^as  probably  introduced  from  Australia  into  New  Zea- 
land, and  that  its  abundance  in  the  latter  country  and  its  relative 
scarcity  in  Australia  were  due  to  the  fact  that  in  its  native  home  it 
was  held  in  subjection  by  some  parasite  or  natural  enemy,  and  that  in 
the  introduction  into.  New  Zealand  the  scale  insect  had  been  brought 
in  alone.  The  same  thing,  he  argued,  had  occurred  in  the  case  of  the 
introduction  into  the  United  States.  He  therefore,  in  his  annual 
report  for  1886,  recommended  that  an  effort  be  made  to  study  the 
natural  enemies  of  the  scale  in  Australia  and  to  introduce  them  into 
Calif omia;  and  the  same  year  the  leading  fruit  growers  of  California 
in  convention  assembled  petitioned  Congress  to  make  appropriations 
for  the  Department  of  Agriculture  to  undertake  this  work.  In  Feb- 
ruary, 1887,  the  Department 
of  Agriculture  received  speci- 
mens of  an  Australian  para- 
site of  Icerya  from  the  late 
Frazier  S.  Crawford,  of  Ade- 
laide, South  Australia.  It 
was  a  dipterous  insect  known 
as  Lestophonus  iceryse  Will., 
and  for  some  time  it  was  con- 
sidered, both  by  Prof.  Riley 
and  his  correspondents  and 
agents,  that  the  importation 
of  this  particular  parasite 
offered  the  best  chances  for 
good  results. 

Neither  the  recommenda- 
tions of  Prof.  Riley  nor  of 
the  then  commissioner  of 
agriculture,  Hon.  Norman  J. 
Colman,  nor  the  petitions  of  the  California  horticulturists  gained 
tlie  needed  congressional  appropriations,  and,  since  there  appeared 
at  that  time  annually  in  the  bills  appropriating  to  the  entomo- 
logical service  of  the  Department  of  Agriculture  a  clause  prevent- 
ing travel  in  foreign  parts,  it  became  necessary  to  gain  the  funds 
for  the  expense  of  the  trip  to  Australia  from  some  other  source. 
A  movement  was  started  in  California  to  raise  these  funds  by 
private  subscription,  but  it  was  never  carried  tlirough.  In  an 
address  given  by  Prof.  Riley  before  the  California  State  Board  of 
Horticulture  at  Riverside,  Cal.,  in  1887,  he  repeated  his  recommenda- 
tions. During  tlie  summer  of  1887  he  was  absent  in  Europe,  and  the 
senior  author,  who  was  at  that  time  the  first  assistant  entomologist 
of  the  department,  by  correspondence  secured  from  Mr.  Crawford 
numerous  specimens  of  Icerya  infested  by  the  Lestophonus  above 


Fio.  4.— The  Australlin  ladybird  ( Noviua cardinalis), an 
Imported  enemy  of  the  fluted  scale:  a,  Ladybird  larvae 
feeding  on  adult  female  and  egg  sac;  5,  pupa;  c,  adult 
ladybird;  d,  onnge  twig,  showing  scales  and  lady- 
birds, c^,  Enlarged;  d,  natural  size.  (From  Mar- 
latt.) 


Digitized  by 


Google 


26  PABASITES  OF  GIPSY  AND  BROWN-TAIL  MOTHS. 

mentioned.  During  the  winter  of  1887-88  preparations  were  being 
made  for  an  exhibit  of  the  United  States  at  the  Melbourne  Exposi- 
tion, to  be  held  during  1888,  and  Prof.  Riley,  after  interviewing  the 
Secretary  of  State,  who  had  charge  of  the  funds  appropriated  for  the 
exposition,  was  enabled  to  send  an  assistant,  Mr.  Albert  Koebele,  to 
Australia  at  the  expense  of  this  fimd.  This  result  was  hastened,  and 
Mr.  Koebele's  subsequent  labors  were  aided  by  the  fact  that  the 
commifisioner  general  of  the  United  States  to  the  exposition  was  a 
Cahfornia  man,  Mr.  Frank  McCoppin,  and  his  recommendation,  joined 
to  that  of  Prof,  Riley,  decided  the  Secretary  of  State  in  favor  of  the 
movement.  In  order  to  partially  compensate  the  exposition  authori- 
ties for  this  expenditure,  another  assistant  in  the  Division  of  Ento- 
mology, Prof.  F.  M.  Webster,  was  sent  out  to  make  a  special  report  to 
the  commission  on  the  agricultural  features  of  the  exposition.  Mr. 
Koe&ele,  who  sailed  from  San  Francisco  August  25,  1888,  was  thor- 
oughly familiar  with  all  the  phases  of  the  investigation  of  the  cottony 
cushion  scale,  and  had  for  some  time  been  stationed  in  California 
working  for  the  Department  of  Agriculture.  His  salary  was  con- 
tinued by  the  department  and  his  expenses  only  were  paid  by  the 
Melbourne  Exposition  fund.  He  made  several  sendings  of  the  Les- 
tophonus  parasite  to  the  station  of  the  Division  of  Entomology  of  the 
Department  of  Agriculture  at  Los  Angeles,  where,  under  the  charge 
of  Mr.  D.  W.  Coquillett,  a  tent  had  been  erected  over  a  tree  abun- 
dantly infested  with  the  scale  insect;  but  it  was  soon  found  that  the 
Lestophonus  was  not  an  effective  parasite. 

On  October  15  Mr.  Koebele  found  the  famous  ladybird  (Vedalia) 
Novius  cardinalis  in  North  Adelaide,  and  at  once  came  to  the  con- 
clusion that  this  insect  would  prove  effective  if  introduced  into  the 
United  States.  His  first  shipments  were  small,  but  others  continued 
from  that  date  until  January^  1889,  when  he  sailed  for  New  Zealand 
and  made  further  investigations.  Carrying  with  him  large  supplies 
of  Vedalia  cardinalis^  the  effective  ladybird  enemy,  he  arrived  in  San 
Francisco  on  March  18,  and  on  March  20  they  were  liberated  under 
the  tent  at  Los  Angeles,  where  previous  specimens  which  had  survived 
the  voyage  by  mail  had  also  been  placed. 

The  ladybird  larvae  attacked  the  first  scale  insect  they  met  upon 
being  liberated  from  the  packing  cages.  Twenty-eight  specimens  had 
been  received  on  November  30  by  Mr.  Coquillett,  44  on  December  29, 
57  on  January  24,  and  on  April  12  the  sending  out  of  colonies  was 
begun,  so  rapid  had  been  the  breeding  of  the  specimens  receive<l  alive 
from  Australia.  By  June  12  nearly  11,000  specimens  had  been  sent 
out  to  208  different  orchardists,  and  in  nearly  every  case  the  colonizing 
of  the  insect  proved  successful.  In  the  original  orchard  practically 
all  of  the  scale  insects  were  killed  before  August,  1889,  and,  in  his 
annual  report  for  that  year,  submitted  December  31,  Prof.  Riley 
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reported  that  the  cottony  cushion  scale  was  practically  no  lonpjer  a 
factor  to  be  considered  in  the  cultivation  of  oranges,  and  lemons  m 
California.  The  following  season  this  statement  was  fully  justified, 
and  since  that  time  the  cottony  cushion  scale,  or  white  scale,  or  fluted 
scale,  as  it  is  called,  has  no  longer  been  a  factor  in  California  horti- 
culture. Rarely  it  begins  to  increase  in  numbers  at  some  given  point, 
but  the  Australian  ladybirds  are  always  kept  breeding  at  the  head- 
quarters of  the  State  Board  of  Horticulture  at  Sacramento,  and  such 
outbreaks  are  speedily  reduced.  In  fact,  it  has  been  difficult  for  the 
State  horticultural  authorities  to  keep  a  sufficient  supply  of  scale 
insect  food  alive  for  the  continued  breeding  of  the  ladybirds. 

The  same  insect  was  introduced  direct  from  California  into  New 
Zealand  at  a  later  date,  and  the  same  good  results  were  brought  about. 
The  Icerya  is  no  longer  a  feature  in  horticulture  in  New  Zealand. 

Novius  IN  Portugal. 

Still  a  tliird  striking  instance  of  the  value  of  the  Australian  ladybird 
was  seen  later  in  the  case  of  Portugal.  Icerya  purchasi  was  probably 
introduced  into  that  country  in  the  late  eighties  or  early  nineties  from 
her  colonies  in  the  Azores,  to  which  point  it  was  probably  introduced 
many  years  previously  from  AustraUa.  The  insect  spread  rapidly 
and  threatened  the  complete  destruction  of  the  orange  and  lemon 
groves  along  the  banks  of  the  River  Tagus.  In  September,  1896, 
persons  in  Portugal  appUed  to  the  senior  author  for  advice  as  to  the 
most  efficacious  means  of  fighting  the  scale  insect,  and  a  reply  was 
made  urging  them  to  make  an  effort  to  introduce  ( Vedalia)  Novius 
cardinalis  and  sending  information  as  to  the  success  of  the  insect  in 
CaUfomia.  In  October,  1897,  the  cliief  of  the  bureau  was  able  to 
secure,  through  the  kindness  of  the  State  Board  of  Agriculture  of 
Califomia,  about  60  specimens  of  the  ladybird,  which  were  sent  by 
direct  mail  from  Washington  packed  in  moss.  But  five  reached  Por- 
tugal aUve,  but  these  were  so  successfully  cared  for  that  there  was  a 
numerous  progeny.  Another  sending  was  made  on  the  22d  of  Novem- 
ber following.  These  were  received  on  the  19  th  of  December  and 
proved  successful.  Early  in  September,  1898,  the  statement  was 
published  in  Lisbon  newspapers  that  already  colonies  or  stocks  of  the 
Vedalia  had  been  established  on  487  estates,  whence  naturally  many 
others  were  formed  by  radiation;  gardens  and  orchards  that  were 
completely  infested  and  nearly  rjiined  were  already  entirely  clean  or 
well  on  the  way  toward  becoming  so.  Since  that  time  the  pest  has 
almost  entirely  disappeared.  The  bureau  would  not  have  been  able 
to  assist  the  Portuguese  Government  to  this  admirable  result  had  it 
not  been  for  the  enlightened  policy  of  the  State  Board  of  Horticulture 
of  Califomia  in  continuing  the  breeding  in  confinement  of  these  preda- 
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ceous  beetles  long  after  the  apparent  great  necessity  for  such  work 
had  (lisappearej  in  California,  and  had  it  not  been  for  the  courtesy  of 
the  board  in  promptly  placing  material  at  its  disposal. 

IcERTA  IN  Florida. 

The  general  effect  of  the  California  success  on  the  horticultural 
world  at  large  was  striking,  but  not  wholly  beneficial.  Many  enthu- 
siasts concluded  that  it  was  no  longer  worth  while  to  use  insecticidal 
mixtures,  and  that  all  that  was  necessary  in  order  to  eradicate  any 
insect  pest  to  horticulture  or  to  agriculture  was  to  send  to  Australia 
for  its  natural  enemy.  The  fact  that  the  Vedalia  preys  only  upon 
leery  a  and  perhaps  some  very  closely  allied  forms  was  disregarded, 
and  it  was  supposed  by  many  fruit  growers  that  it  would  destroy  any 
scale  insect.  Therefore  the  people  in  Florida  whose  orange  groves 
were  suffering  from  the  long  scale  (LepidosapTies  gloveri  Pack.)  and 
the  purple  scale  (LepidosapJies  beckii  Newm.)  sent  to  California  for 
specimens  of  the  VedaUa  to  rid  their  trees  of  these  other  scale  p)ests. 
Their  correspondents  in  California  sent  them  specimens  of  the  beetle 
in  a  box  with  a  supply  of  Iceryas  for  food.  When  they  arrived  in 
Florida  the  entire  contents  of  the  box  were  placed  in  an  orange  grove. 
The  result  was  that  the  beneficial  insects  died,  and  the  Icerya  gained 
a  foothold  in  Florida,  a  State  in  which  it  had  never  before  been  seen. 
It  bred  rapidly  and  spread  to  a  considerable  extent  for  some  years, 
and  did  an  appreciable  amount  of  damage  before  it  was  finally 
subdued. 

Novius  IN  Cape  Colony. 

Prior  to  the  introduction  of  Novius  into  Portugal,  Icerya  puscTuisi 
having  been  established  at  the  Cape  of  Good  Hope,  the  beneficial 
ladybird  was,  after  an  unsuccessful  attempt,  carried  from  California 
to  Cape  Town  by  Mr.  Thomas  Low,  member  of  the  Legislative 
Assembly  of  Cape  Colony,  and  on  the  29th  of  Januai-y,  1892,  living 
specimens  were  placed  in  perfect  condition  in  the  hands  of  the  depart- 
ment of  agriculture  of  Cape  Colony.  These  specimens  multiplied 
and  were  reenforced  late  in  1892  by  a  new  sending  from  Australia 
made  by  Koebele.  At  the  present  time  the  Novius  is  perfectly 
naturalized  at  the  Cape. 

Novius  in  Egypt  and  the  Hawauan  Islands. 

At  the  same  time,  through  the  United  States  Department  of  Agri- 
culture and  the  courtesy  of  the  State  Board  of  Horticulture  of  Cali- 
fornia, the  Novius  was  sent  to  Egypt  to  prey  upon  an  allied  scale 
insect,  Icerya  segyptia^ca  Dougl.,  which  was  doing  great  damage  to 
citrus  trees  and  to  fig  trees  in  the  gardens  of  Alexandria,  Egypt. 
Six  adult  insects  and  several  larvae  arrived  in  living  condition  at 
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Alexandria.  These  multiplied  so  rapidly  as  to  cause  an  almost 
complete  disappearance  of  the  scales.  Later  the  latter  be^an  to 
increase,  but  the  Novius  had  not  died  out  and  also  increased.  The 
Icerya  is  still  held  in  check  in  a  very  perfect  way.    , 

In  1890  the  Novius  had  been  introduced  into  the  Hawaiian  Islands 
for  work  against  Icerya  purchasi  with  the  same  success. 

Icerya  in  Italy. 

In  1900  Icerya  purcJiasi  was  found  also  in  Italy,  in  a  small  garden 
at  Portici,  upon  orange  trees.  By  the  autumn  of  1900  it  had  mul- 
tiplied so  abundantly  that  the  owner  of  the  garden  tried  to  stop 
the  trouble  by  cutting  down  the  trees  most  badly  infested,  without 
bothering  himself  with  the  others,  so  that  the  infestation  continued. 
When  Prof.  Berlese's  attention  was  called  to  it  an  attempt  was  first 
made  to  destroy  it  by  insecticides  without  success,  and  then  Novius 
cardinalis  was  imported  from  Portugal  and  from  America.  The 
following  June  the  ladybird  in  both  sexes  was  distributed  in  the 
garden,  prospered  wonderfully,  and  multiplied  rapidly.  In  July  the 
results  were  already  evident;  one  could  hardly  find  patches  of  Icerya 
which  did  not  show  the  work  of  Novius,  and  at  the  end  of  the  month 
it  was  diflScult  to  find  adult  Iceryas  with  which  to  continue  the 
rearing  in  the  laboratory  for  food  for  the  reserve  supply  of  Novius. 
At  the  present  time  the  multiplication  of  the  scale  insect  has  been 
reduced  to  the  point  of  practically  no  damage,  but  the  original  infes- 
tation stiU  persists  anc^the  area  of  distribution  of  the  scale  insect 
is  slowly  enlarging.  It  is  found  not  only  at  Portici  but  in  all  the 
little  towns  around  Vesuvius  and  in  the  gardens  in  Naples;  but  the 
presence  of  the  ladybird  allows  the  culture  of  oranges  and  lemons 
to  go  on  without  interruption. 

Icerya  in  Syria. 

The  latest  utilization  of  the  beneficial  Novius  is  recorded  by  Sil- 
vestri.  It  seems  that  about  the  year  1905  Icerya  made  its  appearance 
in  Syiia,  and  in  July,  1907,  Selim  Ali  Slam  wrote  to  Prof.  Silvestri 
that  it  had  spread  so  greatly  about  Beirut  that  it  had  almost 
destroyed  the  trees.  Silvestri  sent  a  shipment  of  Novius  in  July, 
1907,  and  another  one  in  August.  The  result  was  the  same  in  Syria 
as  it  had  been  in  other  countries;  the  Novius  multiplied  greatly  and 
produced  the  desired  effect.* 

TfiB  Reasons  for  the  Success  of  Novius. 

It  thus  appears  that  in  the  Novius  we  have  an  almost  perfect 
remedy  against   Icerya.     There  have  been  no  failures  in  its  intro- 

I  Since  the  above  was  written  (in  the  autumn  of  1909)  still  another  success  with  Novius  has  been  by  its 
«n1sige  from  Calilomla  to  Formosa  by  Dr.  T.  Shirakl,  the  entomologist  of  the  Formosan  Government, 
who  writes,  under  date  of  Jan.  28,  1910:  "To-day  it  has  relieved  the  region  fh)m  Icerya  and  has  reduced 
their  namber  to  a  pnctlcaUy  negligible  quantity." 
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duction  to  any  one  of  the  different  countries  to  which  it  has  been 
carried.  Its  success  has  been  more  perfect  than  that  of  any  other 
beneficial  insect  that  has  so  far  been  tried  in  this  international  work. 
There  are  good  reasons  for  this — reasons  that  do  not  hold  in  the 
relations  of  many  other  beneficial  insects  to  their  hosts.  In  the  first 
place,  the  Icerya  is  fixe<i  to  the  plant;  it  does  not  fly,  and  crawls  very 
slowly  when  first  hatched,  and  later  not  at  all.  The  Novius,  however, 
is  active,  crawls  rapidly  about  in  the  larval  state,  and  flies  readily 
in  the  adult.  In  the  second  place,  the  Novius  is  a  rapid  breeder,  and 
has  at  least  two  generations  during  the  time  in  which  a  single  genera- 
tion of  the  host  is  being  developed.  In  the  third  place,  the  Novius 
feeds  upon  the  eggs  of  the  Icerya.  And  in  the  fourth  place,  it  seems 
to  have  no  enemies  of  its  own.  This  is  a  very  strange  fact,  since  other 
ladybirds  are  destroyed  by  several  species  of  parasites.  For  example, 
'as  will  be  sho^^-n  later,  native  American  ladybird  parasites  brought 
about  a  great  mortality  in  the  larvae  of  the  Chinese  ladybird  imported 
from  China  into  America  at  a  later  date  by  Marlatt.  The  hymenop- 
terous  parasites  of  the  widespread  genus  Ilomalotylus  feed  exclu- 
sively in  ladybird  larvae,  which  are  frequently  also  fairly  packed  with 
the  minute  hymenopterous  parasites  of  the  genus  Syntomosphyrum, 
while  the  adults  are  often  destroyed  by  Perilitus,  Microctohus,  and 
Euphorus. 

The  astonishing  results  of  the  practical  handling  of  Novius  drew 
attention  more  forcibly  than  ever  before  ta  the  possibilities  of  this 
kind  of  warfare  against  injurious  insects,  and  although  its  perfect 
success  as  an  individual  species  has  never  been  duplicated,  very 
many  efforts  in  this  direction  have  been  made,  some  of  which  have 
met  with  measurable  success  and  some  with  very  positive  results  of 
value. 

Introduction  op  Entbdon  epiggnus  Walk,  into  the  Unted  States. 

In  1891,  with  the  assistance  of  Mr.  Fred  Enock,  of  Londpn,  Riley 
introduced  puparia  of  the  Hessian  fly  (Mayetiola  destructor  Say) 
infested  with  the  chalcidid  parasite  Entedon  epigonus  Walk,  into 
America.  These  were  distributed  among  several  entomologists  dur- 
ing the  spring  of  1891.  One  American  generation  was  carefuUy 
followed  by  Forbes  in  Illinois,  and  four  years  later  (in  May,  1895) 
the  species  was  recovered  by  Ashmead  at  Cecilton,  Md.,  where  a 
colony  had  been  placed  in  1891.  Thus  the  introduction  was  appar- 
ently successful,  but  if  the  species  still  exists  in  the  United  States 
it  must  be  rare,  since  extensive  rearings  of  Hessian-fly  parasites  have 
been  made  by  agents  of  the  Bureau  of  Entomology  in  many  different 
parts  of  the  country  during  the  past  few  years  and  not  a  single  speci- 
men of  the  Entedon  has  been  recognized.  The  Maryland  locality, 
however,  it  should  be  stated,  has  not  been  visited  by  an  entomologist 
since  Ashmead^s  trip  in  May,  1895. 
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Other  Introductions  by  Koebele  into  California. 

Mr.  Koebele  took  a  second  trip  to  Australia,  New  Zealand,  and  the 
Fiji  Islands  while  still  an  agent  of  the  Department  of  Agriculture, 
but  at  the  expense  of  the  California  State  Board  of  Horticulture,  and 
m  1893  he  resigned  from  the  United  States  Department  of  Agriculture 
and  was  employed  by  the  State  Board  of  Horticulture  of  California 
for  still  another  trip  to  Australia  and  other  Pacific  islands.  He  sent 
home  a  large  number  of  beneficial  insects,  nearly  all  of  them,  however, 
coccinellids.  Several  of  these  species  were  established  in  California, 
and  are  still  living  in  different  parts  of  the  State.  The  overwhelming 
success  of  the  importation  of  Novivs  cardirudis 
was  not  repeated,  but  one  of  the  insects 
brought  over  at  that  time,  namely,  the  ladybird 
beetle  Rhizohius  ventralis  Er.  (fig.  5),  an  enemy 
of  the  so-called  black  scale  (Saissetia  olex  Bern.), 
was  colonized  in  various  parts  of  California,  and 
m  districts  where  the  climatic  conditions  proved 
favorable  its  work  was  very  satisfactory,  nota- 
bly in  the  olive  plantations  of  Mr.  EUwood 
Cooper,  near  Santa  Barbara.  Hundreds  of 
thousands  of  the  beetles  were  distributed  in 
California  and  in  some  locaJities  kept  the  black 
scale  in  check.  Away  flrom  the  moist  coast  re- 
gions, however,  they  proved  to  be  less  effective. 

International  Work  with  £NEMIE^  of  the  Black 
Scale. 

It  will  here  be  convenient  to  drop  the  chrono- 
logical sequence  with  which  the  subject  in  hand 
has  been  treated  and  to  refer  to  the  introduction 
of  a  very  successful  parasite  of  the  black  scale, 
whose  work  against  this  destructive  enemy  to 
olive  and  citrus  culture  in  California  for  a  time 
seemed  second  only  to  the  success  of  the  Novius 
against  the  Icerya.  In  1859  Motchulsky  described,  under  the  name 
ScuteUista  cyanea  (fig.  6),  a  very  curious  little  hymenopterous  parasite 
reared  by  Nietner  from  the  coffee  scale  in  Ceylon.  Subsequently 
this  parasite  became  accidentally  introduced  into  Italy  and  was  sent 
to  the  senior  author  for  identification  by  Dr.  Antonio  Berlese  as  a 
parasite  of  the  wax  scale,  Ceroplastes  rusd  L.  As  there  are  wax 
scales  (Ceroplastes  Jlorideneis  Comst.  and  C,  cirripediformis  Comst.) 
which  are  more  or  less  injurious  in  Florida  and  the  Gulf  States,  an 
attempt  was  made,  with  Berlese 's  assistance,  to  introduce  this  para- 
site at  a  convenient  location  at  Baton  Rouge,  La.,  with  the  further 


Fig.  5.—Rhizobius  icntralis, 
an  imported  enemy  of  the 
black  scale:  a,  Adult  lady- 
bird; &,  larva.  Much  en- 
larged.   (From  Marlatt.) 
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assistance  of  Prof.  H.  A.  Morgan  at  that  place.  Berlese's  sending 
arrived  in  good  condition,  and  the  parasites  issued  at  Baton  Rouge 
and  immediately  begaa  to  attack  the  native  species.  The  importa- 
tion was  successful  for  a  time,  but  the  introduced  species  was  finally 
reduced  to  an  insignificant  number,  presumably  through  the  attacks 
of  hyperparasites. 

In  the  meantime  Prof.  C.  P.  Lounsbury,  an  American  occupying 
the  position  of  entomologist  of  the  department  of  agriculture  at  the 
Cape  of  Good  Hope,  on  his  arrival  at  the  Cape  in  1895  and  searching 
for  the  usual  cosmopolitan  scale  insects  on  fruit  trees,  failed  to 

find  the  black  scale.  He  com- 
mented on  this  fact  in  one  of 
his  first-published  papers,  and 
alluded  to  the  severity  of  the 
scale  as  a  pest  in  California. 
Shortly  afterwards  he  found 
the  species,  and  sent  the  senior 
ai  thor  specimens  for  identifi- 
cation in  1895,  together  with 
parasites  which  he  had  reared 
jfrom  it.  Subsequent  cor- 
respondence showed  other 
species,  and  eventually  ScuteL- 
lista  cyanea  was  forwarded. 
Writing  to  Mr.  Lounsbury 
September  14,  1896,  the  chief 
of  the  bureau  made  the  follow- 
ing suggestion:  *' I  think  para- 
sitized black  scales  could  be 
sent  to  California  to  advan- 
tage. Mr.  Alexander  Craw 
would  be  the  proper  person  to 
to  whom  to  send  them." 
Mr.  Lounsbury  made  further 
studies,  and  commented  in  his  1898  report  on  the  existence  of 
parasites.  When  this  report  met  the  eye  of  Mr.  E.  M.  Ehrhom,  of 
the  State  horticultural  commission,  Mr.  Ehrhom  wrote  Mr.  Louns- 
bury, under  date  of  December  22,  1899,  asking  him  to  send  a  colony 
of  the  parasite.  Mr.  Lounsbury  had  in  the  meantime,  in  a  letter 
to  the  senior  author,  suggested  that  in  order  to  gain  authority  to 
spend  time  over  the  matter  and  incur  necessary  expense  it  would  be 
desirable  for  the  Secretary  of  Agriculture  of  the  United  States  to 
make  a  formal  requ^*^*^^  for  these  parasites  to  the  secretary  of  agri- 
culture of  Cape  Colony.     This  was  done,  and  in  May,  1900,  Lounsbury 


FiQ.  6.—Scutfllista  cyanra,  an  Imported  parasite  of  the 
black  scale:  Dorsal  and  lateral  views  of  adult,  ^ith 
enlarged  details.  Greatly  enlarged.   (From  Howard.) 


Digitized  by 


Google 


PBEVIOUS   WOBK  WITH   INSECT  PABASITE8.  33 

secured  leave  of  absence  and  started  for  America,  carrying  with  him 
a  box  of  parasitized  scales,  and  landed  at  New  York  on  June  2. 
His  box  of  parasites  was  at  once  forwarded  to  Washington,  and  the 
Bureau  of  Entomology  notified  Mr.  Ehrhom  by  telegram,  repacked 
the  box,  and  sent  it  to  Galifomia.  Mr.  Ehrhom  succeeded  in  tem- 
porarily establishing  the  Scutellista  indoors  and  out  around  his  home 
at  Mountain  View,  Cal.  September  19,  1900,  Mr.  C.  W.  Mally, 
Lounsbury's  assistant,  sent  two  more  boxes  by  post  direct  to  Cali- 
fornia, addressing  them  to  S.  F.  Leib,  of  San  Jose,  notifying  the 
senior  author  to  wire  Mr.  Ehrhom  to  be  on  the  lookout  for  them.  A 
tiiird  lot  was  sent  October  31  of  the  same  year.  These  later  sendings 
were  small,  and  both  failed  to  yield  living  parasites.  More  were 
requested,  and  on  Lounsbury's  return  to  South  Africa  a  box  was 
shipped  in  cool  chamber  to  England  and  thence  direct  to  California 
by  express,  Lounsbury's  letter  of  February  28,  1901,  to  the  bureau 
stating:  *^To  avoid  extra  delay  in  transmission  the  box  goes  direct 
to  California,  but  will  you  kindly  have  a  message  sent  to  Craw  to 
advise  him  of  its  coining  ?*'  Unfortunately  the  box  was  detained  by 
a  customs  oflScer  at  New  York,  but  the  bureau  secured  its  release  by 
the  Grovemment  dispatch  agent,  Mr.  I.  P.  Roosa.  A  few  parasites 
emerged  after  arrival,  but  failed  to  propagate.  October  1,  1901, 
Lounsbury  started  another  sending  by  letter  post  to  insure  quick 
transit  and  noninterference  by  customs.  These  boxes  were  delivered 
to  Mr.  Craw  on  October  31.  Only  four  females  of  the  Scutellista 
were  reared  by  Mr.  Craw,  and  probably  to  these  four  females  are  due 
all  of  the  Scutellistas  subsequently  occurring  in  California.  This  is 
the  full  story  of  the  introduction  of  the  species,  taken  from  the  letter 
files  of  the  Bureau  of  Entomology  and  the  letter  files  of  Mr.  Louns- 
bury in  Cape  Town. 

Mr.  Craw  was  remarkably  successful  in  his  rearings,  and  during  the 
following  three  years  constantly  distributed  colonies  in  different  por- 
tions of  California.  By  July,  1902,  he  had  distributed  25  colonies. 
It  was  in  the  southern  part  of  the  State  that  the  parasite  did  its  best 
work,  and  there  for  a  time  it  surpassed  the  most  sanguine  expecta- 
tions of  everyone.  It  was  established  in  every  county  south  of  Point 
Conception  and  had  become  very  plentiful  in  Los  Angeles,  Orange, 
and  San  Diego  Counties.  In  the  colonization  districts  by  midsum- 
mer, 1903,  it  was  estimated  that  over  90  per  cent  of  the  black  scale 
had  been  destroyed.  A  year  or  so  later  there  was  great  mortality 
among  these  parasites  caused  by  a  sudden  increase  in  numbers  of 
a  predatory  mite,  Pedicuhides  ventricosus  Newp.  (fig.  7),  wliich 
destroyed  the  larvsB  in  vast  numbers.  The  Scutellista  gradually 
recovered  from  this  attack,  and  is  at  present  to  be  found  in  very 
many  localities  in  California,  keeping  the  black  scale  partly  in  check. 

95077'*— Bull.  91—11 3 
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Another  enemy  of  the  black  scale  was  unported  in  1901.  It  is  a 
small  moth,  Erastria  sdtula  Ramb.  (fig.  8),  the  larva  of  which  feeds 
in  the  bodies  of  mature  scales,  each  larva  destroying  a  number  of 
scales.  An  eflFort  had  been  made  by  Riley  to  import'  this  insect  from 
France  in  1892,  but  without  success.  In  1901  Berlese  sent  the  senior 
author  living  pupae,  wliich  were  at  once  forwarded  to  Craw  and 
Ehrhom  in  California.  It  was  reported  in  1902  that  the  insects  had 
been  reared  and  liberated  in  Santa  Clara,  Los  An- 
geles, and  Niles,  Cal.,  but  if  the  species  was  estab- 
lished in  the  State  it  has  not  flourished  and  has 
not  recently  been  found. 

A  similar  lepidopterous  insect,  ThalpocTiares  coc- 
dphaga  Meyrick,  was  brought  over  from  Australia 
in  the  summer  of  1892  by  Koebele  and  left  by 
him  at  Haywrards,  Cal.,  but  the  species  evidently 

died  out. 

The  Hawauan  Work. 

In  1893  Koebele  resigned  from  the  service  of 
^tLi^^^'^'^uy  ^he  State  of  California  and  entered  the  employ- 
(From  ment  of  the  then  newly  established  Hawaiian  Re- 
public for  the  purpose  of  traveling  in  different 
countries  and  collecting  beneficial  insects  to  be  introduced  into 
Hawaii  for  the  purpose  of  destroying  injurious  insects.  Before 
leaving  California  he  had  introduced  a  very  capable  ladybird.  Crypto- 
Isemus  montrouzieri  Muls.,  which  feeds  upon  mealy  bugs  of  the  genus 


enlarged. 
MarUtt.) 


Fio.  8.^Era8tria  sdtula,  an  Imported  enemy  of  the  black  scale:  a,  Larva  from  below;  b,  same,  from 
above;  c,  same,  in  case;  d,  case  of  full-grown  larva;  e,  pupa;  /,  moth.  Enlarged.  (After  Rou- 
zaud.) 

Pseudococcus.  This  insect  flourished,  especially  in  southern  Cali- 
fornia, and  on  arrival  in  Hawaii  he  found  that  coffee  plants  and 
certain  other  trees  were  on  the  point  of  being  totally  destroyed  by 
the  allied  scale  insect  known  as  Pvlvinuria  psidii  Mask.     He  at 
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once  introduced  this  same  Cryptolaemus,  which  is  an  Australian 
insect,  with  the  result  that  the  Pulvinaria  was  speedily  reduced  to  a 
condition  of  harmlessness. 

It  may  be  incidentally  stated  that  within  the  past  year  efforts  have 
been  made  by  the  Bureau  of  Entomology  to  send  the  Oyptolapmus  to 
Malaga,  Spain,  for  the  purpose  of  feeding  upon  a  Dactylopius.  The 
first  attempt  was  unsuccessful,  and  the  results  of  the  last  attempt 
have  not  yet  been  learned. 

Another  importation  of  Koebele's  into  Hawaii  was  tlie  ladybird 
CocdneHa  repanda  Thunb.  from  Ceylon,  AustraHa,  and  China,  which 
was  successful  in  destroying  plant  lice  upon  sugar  cane  and  other 
crops.  Writing  in  1896,  Mr.  R.  C.  L.  Perkins  stated  that  Koebele 
had  already  introduced  eight  other  species  which  had  become  natu- 
ralized and  were  reported  as  doing  good  work  against  certain  scale 
insects.  Among  other  things  he  introduced  Chalcis  ohscurcUa  Walk, 
from  China  and  Japan,  which  multiplied  enormously  at  the  expense 
of  an  injurious  lepidopterous  larva  (Omiodes  blacJcbumi  Butl.)  which 
had  severely  attacked  banana  and  palm  trees. 

Koebele's  travels  from  1894  to  1896  were  tlu'ough  AustraUa,  Cliina, 
Ceylon,  and  Japan.  In  1899  he  left  for  AustraUa  and  the  Fiji  Islands, 
and  sent  many  ladybirds  and  parasites  to  Hawaii,  especially  to  attack 
the  scale  Ceroplastes  rvbens  Mask.  The  Hawaiian  Sugar  Planters' 
Association,  an  organization  which  was  responsible  for  Koebele's 
appointment,  subsequently  employed  Mr.  R.  C.  L.  Perkins,  Mr.  G.  W. 
Kirkaldy,  Mr.  F.  W.  Terry,  lii.  O.  H.  Swezey,  and  Mr.  F.  Muir.  By 
the  close  of  1902  sugar  planters  were  especially  anxious  concerning 
the  damage  of  an  injurious  leafhopper  on  the  sugar  cane,  PerkinsieUa 
Mccharieida  Kirk.  This  insect  had  been  accidentally  introduced 
from  AustraUa  about  1897,  had  increased  rapidly,  and  by  1902  had 
become  a  serious  pest.  Koebele  had  made  an  effort  to  introduce 
parasites  of  leafhoppers  from  the  United  States  into  Hawaii,  with 
unsatisfactory  results,  and  consequently  in  the  spring  of  1904  Koe- 
bele and  Perkins  visited  AustraUa  and  collected  all  possible  parasites 
of  different  leafhoppers.  Altogether  they  succeeded  in  finding  more 
than  100  species.  Of  these  the  foUowing  hymenopterous  parasites 
are  said  to  have  become  accUmated  in  Hawaii:  Anagrus  (two  species), 
Paranagrus  optabilis  Perk,  and  P.  perforator  Perk,  and  Ootetrastichus 
heaius  Perk.  These  species  are  aU  parasiticupon  the  eggs  of  the  leaf- 
hopper.  By  the  end  of  1906  observations  upon  a  certain  plantation 
indicated  the  destruction  of  86.3  per  cent  of  the  eggs  by  these  para- 
sites. In  addition  to  these  egg  parasites  certain  proctotrypid 
parasites  of  hatched  leafhoppers  have  apparently  become  estabUshed, 
namely,  Haplogonatopus  vitiensis  Perk.,  Pseudogonatopus  (two 
species),  and  Ecthrodelphax  fairchildii  Perk.  Three  predatory 
beetles,  namely,  Verania  frenata  Erichs.,  V.  lineola  Fab.,  and  CaUi- 
neda  testudiruiria  Muls.,  were  also  distributed  in  large  numbers. 
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The  practical  results  of  these  importations  seem  to  have  been 
excellent.  There  seems  to  be  no  doubt  that  the  parasites  have  been 
the  controlling  factor  in  the  reduction  of  the  leafhoppers. 

The  good  work  in  Hawaii  is  still  continuing.  Koebele  is  now  on  a 
visit  to  Europe  to  import  the  possible  parasites  of  the  horn  fly 
(Hsematohia  serfota  Rob.-Desv.),  Muir  is  trying  to  find  an  enemy  to 
a  sugar-cane  borer  {Rhdbdocnemis  obscurus  Boisd.),  and  other  similar 
work  is  under  way. 

An  Importation  op  Clerus  prom  Germany. 

An  early  attempt  to  import  beneficial  species  into  the  United 
States  was  made  in  1892  by  Dr.  A.  D.  Hopkins,  then  entomologist 
to  the  West  Virginia  Agricultural  Experiment  Station  and  now  of 
the  Bureau  of  Entomology.  A  destructive  barkbeetle,  Dendroc- 
tonus  frontalis  Zimm.,  was  extremely  injurious  in  that  State  in  the 
years  1889  to  1892,  and  Hopkins  made  the  effort  to  import  from 
Europe  another  beetle,  (Clerus)  TTtanasimus  formicarius  L.,  from 
Grermany.  In  Germany  he  collected  more  than  a  thousand  specimens 
of  the  Clerus,  which  he  took  with  him  to  West  Virginia  and  distrib- 
uted in  various  localities  infested  by  the  barkbeetle.  The  following 
year,  however,  the  barkbeetle  disappeared  almost  completely  from 
other  causes,  and  the  Clerus  has  not  since  been  found. 

Marlatt's  Journey  por  Enemies  op  the  San  Jose  Scale. 

Another  and  later  expedition  was  that  undertaken  by  Mr.  C.  L. 
Mariatt,  of  the  Bureau  of  Entomology,  in  search  of  the  natural 
enemies  of  the  San  Jose  scale.  The  question  of  the  original  home 
of  the  San  Jose  scale  (Aspidiotus  pemidosus  Comst.)  had  been  a 
mooted  point.  As  is  well  known,  it  started  in  this  coimtry  in  the 
vicinity  of  San  Jose,  Cal.,  in  the  orchard  of  Mr.  James  Lick,  who  had 
imported  trees  and  shrubs  from  many  foreign  countries.  Mr.  Lick 
died  before  the  investigation  started,  and  no  records  of  his  impor- 
tations were  to  be  found.  The  scale  was  not  of  European  origin, 
since  it  does  not  occur  on  the  continent.  In  the  course  of  investiga- 
tion it  was  found  that  it  occurred  in  the  Hawaiian  Islands,  in  Japan, 
and  in  Australia,  but  in  the  case  of  Australia  and  the  Hawaiian 
Islands  it  was  shown  that  it  had  been  carried  on  nursery  stock  from 
California.  In  1897  plants  entering  the  port  of  San  Francisco  from 
Japan  were  discovered  by  Mr.  Craw  to  carry  the  San  Jose  scale. 
Correspondence,  however,  seemed  to  point  to  the  conclusion  that  it 
had  also  been  introduced  into  Japan  from  the  United  States.  In 
1901-2  Mr.  Mariatt  made  a  trip  of  exploration  in  Japan,  China,  and 
other  eastern  countries,  lasting  more  than  a  year.  Six  months 
were  spent  in  Japan,  and  after  a  thorough  exploration  the  con- 
clusion was  reached  that  the  scale  is  not  a  native  of  that  coimtiy 


Digitized  by 


Google 


PREVIOUS   WORK  WITH  INSECT  PARASITES. 


87 


and  that  wherever  it  occurs  there  it  has  spread  from  a  center  of 
imported  American  fruit  trees.  Finally,  as  a  result  of  this  extended 
trip,  the  native  home  of  the  San  Jose  scale  was  found  to  be  in  northern 
China  in  a  region  between  the  Tientsin-Peking  Road  and  the  Great 
Wall,  and  its  original  host  plant  was  found  to  be  a  little  haw  apple 
which  grows  wild  over  the  hills.  Into  that  region  no  foreign  intro- 
ductions of  fruit  or  fruit  trees  had  ever  been  made,  and  the  fruits 
in  the  markets  were  all  of  the  native  sorts.  Here  in  China  was  found 
everywhere  present  a  little  ladybird,  CJiUocorus  similis  Rossi  (fig.  9), 
feeding  in  all  stages  upon  the  San  Jose  scale.     One  hundred  and  fifty 


Fio.9.— The  Asiatic  ladybird  {Chilocorus  BimUiM)  ,an  imported  enemy  of  the  San  Jose  scale:  a,  Second 
larval  stage;  b,  cast  skin  of  same;  c,  full-grown  larva;  d,  method  of  pupation,  the  pupa  being  retained 
in  the  split  larval  skin;  e,  newly  emerged  adult,  not  yet  colored;  /,  fully  colored  and  perfect  adult. 
All  enlarged  to  the  same  scale.    (From  Marlatt.) 

or  two  hundred  specimens  of  the  beetle  were  shipped  by  Mr.  Marlatt 
to  Washington  alive,  but  all  but  two  perished  during  the  winter.  One 
at  least  of  the  two  smrvivors  was  an  impregnated  female,  and  began 
laying  eggs  early  in  April.  From  this  individual  at  least  200  eggs 
were  obtained,  the  work  being  done  in  breeding  j  ars.  After  some  hun- 
dred larvae  had  been  hatched  from  these  eggs  the  beetles  were  placed 
on  a  large  plum  tree  in  the  experimental  orchard  and  protected  by  a 
wire-screen  cage  covering  the  tree.  The  stock  increased  very  rapidly, 
and  during  August  shipments  to  various  eastern  experiment  stations 
were  begun,  about  1,000  specimens  being  sent  out.    At  the  end  of  the 
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first  summer  there  remained  of  the  stock  at  Washington  about  1,000 
beetles.  Among  the  colonies  sent  out  the  best  success  was  obtained 
in  Georgia.  An  orchard  at  Marshallville  in  that  State,  containing 
some  17,000  peach  trees  and  covering  about  85  acres,  adjoined  a 
larger  orchaRl  containing  about  150,000  trees,  all  scatteringly  in- 
fested with  the  scale.  The  ladybirds  were  liberated  in  August,  .1902, 
in  the  smaller  orchard,  and  an  examination  made  11  months 
later  indicated  that  they  were  rapidly  spreading  and  would  soon 
cover  the  orchard.  The  number  of  beetles  in  all  stages  present  was 
estimated  at  nearly  40,000.  Colonies  established  in  the  Northern 
States  perished.  In  the  South  the  almost  universal  adoption  of  the 
cheap  and  satisfactory  lime-sulphur  washes  destroyed  the  possi- 
bility of  rapid  multiplication  and  destroyed  the  majority  of  the  bene- 
ficial insects.  This  species  has  not  been  foimd  recently,  but  prob- 
ably exists  in  Georgia.  The  introduction  and  establishment  of  the 
species  was  successful,  but  it  was  practically  killed  out  by  the  cheap 
and  satisfactory  washes  in  general  use.  Without  the  washes  the 
probabilities  are  that  the  ladybird  would  be  found  at  the  present 
time  occurring  in  great  numbers  in  southern  orchards. 

The  Parasites  of  Diaspis  Pentaoona  Taro. 

For  a  number  of  years  the  mulberry  plantations  of  Italy  had 
suffered  severely  from  the  attack  of  the  insect  known  as  the  West 
Indian  peach  scale  (Diaspis  pentagona  Targ.).  This  insect  occurs 
in  the  United  States  and  is  widely  distributed  in  other  parts  of  the 
world.  In  the  United  States,  however,  it  is  not  especially  injurious. 
In  1905,  at  the  request  of  Berlese,  the  writer  sent  parasitized  Diaspis 
from  Washington  to  Florence,  Italy.  One  of  the  parasites  which 
issued,  ProspalteUa  herlesei  How.,  was  artificially  reared  in  Florence 
by  Berlese  and  his  assistants,  and  at  the  time  of  present  writing  has 
been  so  thoroughly  established  in  several  locaUties  that  the  ultimate 
reduction  of  the  Diaspis  to  harmless  numbers  is  confidently  antic- 
ipated by  Berlese.  Similarly,  Silvestri  at  Portici  has  introduced 
the  same  species  from  America,  and  also  certain  ladybirds,  and  is 
making  the  effort  to  import  the  parasites  of  this  species  from  its 
entire  range. 

The  Work  op  Mr.  George  Compere.' 

Mr.  George  Compere,  employed  jointly  by  Western  Australia  and 
CaUfomia  as  a  searcher  for  beneficial  insects,  for  several  years  has  been 
traveling  in  different  parts  of  the  world  in  search  of  beneficial  insects 
which  he  has  either  sent  or  brought  to  California  and  Western  Aus- 
tralia. One  of  the  most  interesting  of  his  achievements  was  sending 
living  specimens  of  Calliephialtes  messor  Grav.,  an  ichneumon  fly,  from 
Spain  to  California.     This  species  is  a  parasite  of  the  codling  moth. 
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In  California  this  ichneumon  fly  has  been  reared  with  great  success 
and  has  been  sent  out  in  large  numbers  froiQ  the  headquarters  of  the 
State  board  of  horticulture.  In  the  field,  however,  it  is  apparently  not 
succeeding,  and  there  is  no  evidence  that  the  numbers  of  the  codling 
moth  have  been  at  all  reduced  by  it.  Nor  is  it,  according  to  Froggatt, 
effective  in  Spain. 

Mr.  Compere  has  collected  many  beneficial  species  attacking  many 
different  injurious  insects.  He  is  an  indefatigable  worker,  and  his 
untiring  qualities  and  his  refusal  to  accept  failure  are  well  shown  in 
his  search  for  the  natural  enemies  of  the  fruit  fly  of  Western  AustraUa, 
Ceraiitis  capitcUa  Wied.  He  visited  the  PhiUppine  Islands,  China, 
Japan,  California,  Spain,  returning  to  AustraUa,  afterwards  visiting 
Ceylon  and  India,  and  subsequently  Brazil.  In  Brazil  he  succeeded 
in  finding  an  ichneumon  fly  and  a  staphylinid  beetle  feeding  upon 
fruit-fly  larvae.  He  collected  some  numbers  and  carried  them  to 
AustraUa  in  Uving  condition,  prematurely  reporting  success.  The 
fruit  fly  is  a  pest  in  South  Africa,  and  following  the  announcement  of 
Compere^s  importations  Claude  Fuller  and  C.  P.  Lounsbury  pro- 
ceeded from  Africa  to  Brazil  to  get  the  same  parasites.  The  result  of 
this  journey  was  discouraging.  They  did  not  find  the  predatory 
staphylinid,  but  obtained  a  braconid  parasite,  OpieUus  trimacalcUus 
Spin.;  they  also  concluded  from  information  gained  that  the  fruit  fly 
had  been  introduced  into  South  America  more  recently  than  into  South 
Africa.  The  material  carried  home  died.  Compere  left  AustraUa 
again  about  the  close  of  1904;  went  to  Spain  for  more  codling-moth 
parasites,  and  then  went  on  to  BrazU,  coUecting  more  fruit-fly  para- 
sites and  carrying  them  to  AustraUa.  The  Brazilian  natural  enemies, 
however,  did  not  succeed,  and  in  1906  he  proceeded  to  India  to  collect 
parasites  of  a  related  fly  of  the  genus  Dacus,  finding  several  and  tak- 
ing them  to  Western  AustraUa.  He  arrived,  however,  in  the  middle 
of  winter,  and  the  insects  perished.  In  May,  1907,  once  more  tliis 
indefatigable  man  returned  to  India,  and  in  a  few  months  collected 
70,000  to  100,000  parasitized  pupaB,  and  broyght  them  to  Perth, 
Western  AustraUa,  in  good  condition  on  the  7th  of  December.  It  is 
reported  that  the  parasites  issued  from  this  material  in  great  numbers 
and  in  three  distinct  species.  In  April,  1908,  it  was  reported  that 
120,000  parasites  had  been  obtained  and  distributed,  20,000  of  them 
having  been  sent  to  South  Africa.  The  writer  has  not  seen  any 
definite  reports  of  success  in  the  control  of  the  fruit  fly  by  these  para- 
sites, but  surely  Compere  deserves  great  credit  for  his  efforts. 

Work  wfth  the  Eoo  Parasite  of  the  Elm  Leaf-beetle. 

In  1905  Dr.  Paul  Marchal,  of  Paris,  pubUshed  in  the  BuUetin  of  the 
Entomological  Society  of  France  for  February  22  a  paper  entitled 
"Biological  observations  on  a  parasite  of  the  elm  leaf-beetle,'^  to 
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which  he  gave  the  name  Tetrastichus  xanthomelxnse.  In  this  very 
interesting  article  Dr.  Marchal  called  attention  to  the  fact  that  the 
elm  leaf-beetle  had  multiplied  for  several  years  in  a  disastrous  way 
about  Paris,  skeletonizing  the  leaves  in  the  parks  and  along  the  ave- 
nues. In  1904  the  ravages  apparently  stopped,  and  MarchaFs  obser- 
vations indicated  that  this  was  largely  due  to  the  work  of  this  egg 
parasite.  He  studied  the  Ufe  history  of  the  parasite  carefully  during 
that  year  at  Fontenay-aux-Roses  and  published  his  full  accoimt  the 
following  February. 

Visiting  Dr.  Marchal  in  June,  1905,  after  the  pubUcation  of  this  inter- 
esting article,  the  senior  author  asked  him  whether  he  had  been  able 
to  make  the  further  observations  promised  in  the  article,  and  he  re- 
pUed  that  the  elm  leaf-beetle  had  so  entirely  disappeared  in  the  vicin- 
ity of  Paris  that  he  had  not  been  able  to  do  so.  The  visitor  urged  him 
to  make  an  effort  through  his  correspondents  to  secure  parasitized 
eggs  of  the  beetle  for  sending  to  the  United  States  in  an  effort  to  intro- 
duce and  establish  this  important  parasite  on  this  side  of  the  Atlantic  . 
It  was  considered  hopeless  to  attempt  the  introduction  that  summer, 
as  the  time  was  so  late  and  it  was  not  then  known  in  what  part  of 
France  the  elm  leaf-beetle  could  be  found  abundantly.  During  1906 
practically  the  same  conditions  existed.  A  locality  was  found,  but 
the  parasites  did  not  seem  to  be  present.  In  1907,  reaching  Paris 
about  the  1st  of  May,  the  visitor  again  reminded  Dr.  Marchal  of  his 
desire  to  import  the  parasite  into  the  United  States,  and  meeting  M. 
Charles  Debreuil,  of  Melun,  the  subject  was  again  brought  up  and  M. 
Debreuil  later  in  the  season  forwarded  eggs  of  the  beetle  to  the  United 
States,  which  were  promptly  sent  to  the  parasite  laboratory  at  North 
Saugus,  Mass.,  but  the  time  was  too  late,  and  the  parasites  had 
emerged  and  died. 

In  April,  1908,  the  Entomological  Society  of  France  published  in  its 
bulletin  (No.  7,  p.  86)  a  request  from  the  senior  author  that  eggs  of  the 
elm  leaf-beetle  should  be  sent  to  the  United  States  for  the  purpose  of 
rearing  parasites.  This  notice  brought  a  speedy  and  effective  response. 
About  the  20th  of  May  Prof.  Valery  Mayet,  of  MontpeUier,  France,  a 
personal  friend,  secured  a  number  of  leaves  of  the  European  elm  car- 
rying egg  masses  of  the  beetle,  placed  them  in  a  tight  tin  box,  and 
mailed  them  to  Washington.  They  were  received  May  28,  and  at 
once  forwarded  to  the  junior  author  at  the  parasite  laboratory  at 
Melrose  Highlands.  On  opening  the  box  the  junior  author  found  a 
considerable  niunber  of  active  adults  of  the  parasite.  Most  of  them 
were  placed  in  a  large  jar  containing  leaves  of  elm  upon  which  were 
newly  deposited  masses  of  the  elm  leaf-beetle  eggs.  Probable  ovipo- 
sition  was  noticed  within  an  hour  after  the  receipt  of  the  sending. 
There  were  probably  somewhat  more  than  100  adults  received  in  the 
shipment  and  very  few  emerged  from  the  imported  egg  masses  after 
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the  first  day.  The  adults  lived  certainly  for  35  days.  Reproduction 
occurred  in  the  experimental  jars,  and  the  adults  secured  by  this 
laboratory  reproduction  were  Uberated  in  two  localities  near  Boston 
and  parasitized  eggs  were  sent  to  Prof.  J.  B.  Smith  at  New  Brunswick, 
N.  J.,  Prof.  M.  V.  Slingerland  at  Ithaca,  N.  Y.,  and  others  to  Washing- 
ton. The  first  of  the  Massachusetts  colonies  consisted  of  about  600 
parasites  inclosed  in  an  open  tube  tied  to  a  tree  in  the  Harvard  yard, 
Cambridge,  Mass.,  on  June  22.  Mr.  Fiske  thinks  that  more  than  100 
found  their  freedom  on  the  same  day,  and  almost  certainly  all  of  the 
rest  within  a  week.  A  little  more  than  a  month  later  Mr.  Fiske 
found  parasitized  eggs  one-fourth  of  a  mile  away  from  this  colony. 
At  Melrose  Highlands  more  than  1,200  were  liberated  on  the  21st  of 
June  and  the  8th  of  July;  and  on  the  27th  of  July  fresh  native  eggs  in 
the  neighborhood  produced  parasites,  indicating  the  development  of 
a  generation  on  American  soil.  In  the  summer  of  1909  none  of  the 
parasites  was  found,  but  this  by*  no  means  indicates  that  the  species 
has  not  become  established.  Both  the  eggs  and  the  parasites  are 
very  small,  and  the  writer  expects  that  even  from  this  first  experiment 
good  results  will  follow.  Arrangements  had  been  made  for  a  repeti- 
tion of  the  sending  in  May,  1909,  from  MontpeUier,  this  southern 
locality  allowing  such  an  early  sending  as  to  insure  the  arrival  of  the 
parasitized  eggs  in  the  United  States  at  the  proper  time  of  the  year. 
Relying  upon  Prof.  Mayet's  promises  and  his  great  experience  as  an 
entomologist,  no  other  arrangements  were  made.  Most  unfortu- 
nately, however,  just  before  the  time  arrived  Prof.  Mayet  died,  and 
the  introduction  was  not  made.  It  should  be  stated  that  in  the  dieath 
of  this  admirable  man  France  lost  one  of  its  most  enlightened  and  able 
economic  zoologists.  It  is  hoped  to  repeat  the  introduction,  through 
the  kindness  of  Dr.  Marchal  in  France  and  Prof.  Silvestri  in  Italy. 
Silvestri  has  promised  also  to  send  other  natural  enemies  of  the  elm 
leaf-beetle  from  Italy. 

Work  with  Pabasites  op  Ticks. 

In  1907  the  senior  author  described  the  first  species  of  a  hymenop- 
terous  parasite  ever  recorded  as  having  been  reared  from  a  tick. 
The  name  given  to  it  was  Ixodifhagua  texanus,  and  it  had  been 
reared  from  the  nymphs  of  EsemapTiysalis  leporis-pidustris  Pack, 
collected  on  a  cotton-tail  rabbit  in  Jackson  Coimty,  Tex.,  by  Mr. 
J.  D.  Mitchell.  In  1908  he  described  another,  HuntereUus  hooTceriy 
reared  by  Mr.  W.  A.  Hooker  at  Dallas,  Tex.,  from  RMpicepJialus 
texanus  Banks  taken  from  a  Mexican  dog  at  Corpus  Christi,  Tex., 
by  Mr.  H.  P.  Wood.  Inasmuch  as  a  closely  allied  if  not  identical 
tick,  Rhipicephalus  sanguineus  Latr.,  is  supposed  to  be  a  transmitter 
of  a  trypanosome  disease  in  South  Africa,  sendings  of  the  HuntereUus 
were  made  in  the  autumn  of  1908  to  Prof.  Lounsbury  at  Cape  of 
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Grood  Hope  and  to  Mr.  C.  W.  Howard,  entomologist  to  the  govern- 
ment of  Louren^  Marques,  Portuguese  East  Africa.  In  June,  1909, 
Mr.  C.  W.  Howard  reared  parasites  from  engorged  nymphs  of  Rhipi- 
cepJialus  sanguineus  taken  from  dogs,  with  which  transmission 
experiments  with  trypanosomiasis  were  being  made.  Examination 
showed  them  to  be  Hunierellus  hooJceri,  Mr.  C.  W.  Howard  is  of 
the  opinion  that  these  1909  reared  specimens  could  not  have  been 
the  offspring  of  those  sent  over  in  the  autumn  of  1908,  since,  as  he 
writes  under  date  of  September  3,  1909,  the  latter  arrived  while  he 
was  absent  in  the  Zambesi  country,  and,  as  he  was  gone  nearly  three 
months,  they  remained  on  his  desk  imopened.  When  he  returned 
they  were  all  dead.  He  kept  the  ticks  some  time,  however,  in  a 
sealed  jar  to  see  if  any  more  parasites  might  emerge,  but  none  did  so. 
In  his  opinion  there  is  absolutely  no  possibiUty  that  the  1909  speci- 
mens are  the  descendants  of  those  sent  from  Texas.  Of  course  Mr. 
C.  W.  Howard  is  probably  correct  in  his  surmise,  but  a  most  interest- 
ing question  arises  as  to  the  original  home  of  the  parasite.  Could  it 
have  been  carried  accidentally  from  Texas  to  Africa  at  an  earlier 
date  ?  As  a  matter  of  fact,  during  the  Boer  War  thousands  of  horses 
and  mules  were  shipped  from  southern  Texas  to  Cape  Town,  and 
much  of  this  stock  came  from  the  very  region  in  which  the  Texas 
Rhipicephalus  occurs.  Banks,  in  his  revision  of  the  ticks,*  records 
this  species  from  horses  as  well  as  from  dogs,  the  horse  record  coming 
from  New  Mexico.  The  suggestion  regarding  the  importation  of 
horses  and  mules  from  Texas  to  Cape  Town  during  the  Boer  War 
was  made  to  the  writer  by  Mr.  W.  D.  Hunter,  who  also  suggests  that 
as  Rhipicephalus  san^ineus  occurs  throughout  Africa  and  Mediter- 
ranean Europe,  and  that  as  in  1853  several  shipments  of  camels 
were  brought  to  Texas  from  Tunis,  being  turned  loose  at  Indianola 
and  roaming  wild  throughout  the  territory  around  Corpus  Christi 
for  some  years,  it  is  possible  that  the  Rhipicephalus  was  brought  to 
Texas  on  these  camels,  and  the  parasite  as  well.  This  seems  unUkely, 
however,  since  the  parasite  had  never  been  found  in  Africa  or  Europe 
until  the  specimens  referred  to  were  reared  by  Mr.  C.  W.  Howard  in 
1909. 

Mr.  Froogatt's  Journey  to  Various  Parts  op  the  World  in  1907-8. 

As  a  result  of  a  conference  of  AustraUan  Government  entomologists, 
held  in  Sydney,  July  9,  1906,  and  of  a  conference  of  State  premiers, 
held  in  Brisbane,  June,  1907,  it  was  agreed  that  Mr.  W.  W.  Froggatt, 
entomologist  to  the  Department  of  Agriculture  of  the  State  of  New- 
South  Wales,  should  be  dispatched  to  America,  Europe,  and  India, 
to  inquire  into  the  best  methods  of  dealing  with  fruit-flies  and  other 
pests,  the  expenses  of  the  journey  to  be  shared  by  Queensland,  South. 

1  U.  S.  Department  of  Agriculture,  Bureau  of  Entomology,  Technical  Series  No.  15|  p.  35, 1008. 
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Australia,  New  South  Wales,  and  Victoria.  As  a  result  of  the  trip 
following  this  authorization,  Mr.  Froggatt  has  published  a  report  on 
parasitic  and  injurious  insects,  issued  in  1909,  in  which  he  considers, 
(1 )  the  commercial  value  of  introduced  parasites  to  deal  with  inserts 
that  are  pests;  (2)  the  range  and  spread  of  fruit-flies,  and  the  methotls 
adopted  in  other  countries  to  check  them;  (3)  the  value  of  parasites 
in  exterminating  fruit-flies;  (4)  the  habits  of  cosmopolitan  insect 
pests.  On  his  journey,  which  began  the  end  of  June,  1907,  Mr. 
Froggatt  visited  Hawaii,  the  United  States,  Mexico,  Cuba,  Jamaica, 
Barbados,  England,  France,  Spain,  Italy,  Austria,  Hungary,  Turkey, 
Cyprus  (spending  a  day  in  Smyrna  and  two  days  at  Beirut  on  the 
way),  Egypt,  India,  Ceylon,  and  thence  to  AustraUa,  stopping  in 
Western  AustraUa  before  his  return  to  Sydney.  In  the  course  of 
this  trip  Mr.  Fro^att  not  only  studied  the  question  of  parasites  and 
of  economic  entomology  in  general,  but  looked  into  a  large  number 
of  matters  of  agricultural  interest,  and  has  given  a  report  which 
can  not  fail  to  be  interesting  to  every  one  occupied  with  any  branch 
of  agriculture. 

With  regard  to  the  practical  handling  of  parasites,  and  especially 
international  work,  he  is  inclined  to  be  rigidly  critical.  His  motive 
obviously  was  to  look  everywhere  for  accomplished  results  and 
where  he  could  not  find  these  to  distinctly  state  the  fact.  He  depre- 
cates all  claims  that  are  not  or  have  not  been  justified  by  practical 
results  of  value.  Thus,  while  admitting  the  good  work  of  the  intro- 
duced parasites  of  the  sugar-cane  leafhopper  in  Hawaii,  he  states 
that  the  advocates  of  the  parasite  system  do  not  take  into  account 
the  alteration  of  methods  of  cultivation  which  occurred  about  the 
same  time,  namely,  the  burning  of  the  refuse  (probably  containing 
many  eggs  and  larvae)  instead  of  burying  it  as  formerly,  and  the 
introduction  of  new  varieties  of  cane  more  resistant  to  the  leaf- 
hoppers.  In  California,  he  admits  the  value  of  the  introduction  of 
the  Australian,  ladybird,  but  states  that  his  observations  show  that 
no  good  has  followed  the  introduction  of  the  codling-moth  parasite 
from  Spain,  although  it  had  been  claimed  previously  that  this  parasite 
would  prove  a  perfect  remedy  for  the  apple  pest,  and  pointing  out 
that  when  he  visited  Spain  he  foimd  that  a  very  large  percentage  of 
the  apple  crop  is  always  infested  by  the  codUng  moth.  He  states 
that  the  promises  of  the  advocates  of  the  parasite  method  in  Cali- 
fornia have  not  been  fulfilled;  that  Western  AustraUan  claims  that 
staphylinid  beetles  destroy  the  majority  of  the  fruit-fly  maggots  in 
Brazil,  and  that  nature's  forces  in  that  country  control  the  destruc- 
tive fruit  flies  are  to  be  contrasted  with  the  statement  of  the  South 
African  entomologists  that  only  a  few  months  after  the  visit  of  the 
West  AustraUan  entomologist  to  Brazil  they  found  that  ''all  along 
the  Brazilian  coast  it  was  difl^cult  to  obtain  a  fruit  that  had  not  been 
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punctured  by  a  fly/'  The  statement  that  nature  controls  the 
destructive  fruit  flies  in  India  he  opposes,  as  a  result  of  his  own 
observations  in  India.  He  does  not  contend  that  this  work  has  not 
a  great  practical  value,  but  insists  that  it  should  be  done  by  trained 
entomologists,  and  that  full  information  of  the  habits  and  life  his- 
tories of  both  the  pests  and  their  parasites  should  be  understood 
before  Uberation  is  attempted.  As  already  stated,  he  especially 
deprecates  premature  claims,  and  points  out  that  in  New  South 
Wales  the  passage  of  the  very  necessary  vegetation  diseases  bill  was 
delayed  for  some  years  by  the  outcry  ''Why  should  we  be  made  to 
clean  up  our  orchards  and  spend  money,  when  the  department  can 
send  out  to  other  coimtries  and  get  us  parasites  that  will  do  all  that 
is  needed  ?''     In  conclusion  he  states: 

Let  the  whole  question  be  judged  on  its  results.  Allow  that  one  or  two  experiments 
have  shown  perfect  results;  yet  because  mealy  bugs  or  scale  insects  in  a  restricted 
locality  have  once  or  twice  been  destroyed  by  parasites,  that  can  be  no  reason  why 
the  parasite  cure  alone  should  be  forced  upon  anyone.  Its  admirers  should  be 
perfectly  honest;  and  if  a  friendly  introduced  insect  from  which,  rightly  or  wrongly, 
f^reai  things  had  been  expected  turns  out  upon  further  trial  to  be  a  failure,  they  should 
say  so;  and  they  should  never  proclaim  results  for  a  parasite  till  those  results  have 
actually  been  proved  in  its  adopted  country,  for  the  wisest  can  never  be  sure  of  the 
results  of  any  experiment.  Economic  entomology  is  a  great  commercial  science, 
and  those  at  work  for  its  far-reaching  interests  could  do  it  no  greater  harm  than  by 
misleading  or  unproved  statements. 

Other  Work  op  this  Kind. 

Reference  has  already  been  made  to  the  importations  of  Prospal- 
teUa  herlesei  into  Italy  to  attack  the  destructive  mulberry  scale, 
Diaspis  pentagonal  through  cooperative  arrangements  between  the 
senior  author  and  Prof.  Berlese,  of  Florence.  Prof.  Berlese  has  been 
successful  in  establishing  the  species,  and  beUeves  that  it  is  best  to  rely 
upon  this  species  only,  and  not  to  attempt  to  introduce  the  predatory 
enemies  of  the  scale,  his  idea  being  that  coccineUids  wiQ  feed  indis- 
criminately upon  parasitized  and  unparasitized  scales'  and  that  thus 
the  Prospaltella  will  not  have  a  chance  to  multiply  to  its  limit.  The 
contrary  view  is  taken  by  Prof.  Silvestri,  at  Portici,  in  the  south  of 
Italy,  and  he  has  been  making  every  effort  to  introduce  from  all  parts 
of  the  world  all  of  the  enemies,  whether  parasitic  or  predatory,  of  the 
mulberry  scale.  He  has  brought  over  and  has  had  breeding  in  his 
laboratory  at  Portici,  as  well  as  in  an  experimental  oUve  orchard 
southeast  of  Naples,  a  number  of  species  of  CoccineUidse  brought  from 
different  parts  of  the  world.  At  his  request,  in  May,  1910,  the  senior 
author  carried  from  Washington  a  box  containing  possibly  200  living 
specimens  of  Microweisia  miseUa  Lee.  and  a  few  specimens  of  ChUo- 
corns  hivulnerus  Muls.  These  were  carefully  packed  with  plenty  of 
food  in  a  small  paper-covered  wooden  box,  approximating  a  10-inch 
cube.     He  sailed  from  New  York  direct  to  Naples  and,  through  the 
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kindness  of  the  officers  of  the  Royal  Italian  Line  steamship  Duca  di 
Genova,  was  enabled  to  suspend  the  box  by  a  cord  from  a  crossbeam  in 
the  ordinary  cold  room  of  the  steamer.  After  an  eleven  days'  passaf^ 
the  box  was  opened  in  Prof.  Silvestri's  laboratory  in  Portici,  and  prao 
ticaHy  every  coccinelUd  was  found  to  be  aUve  and  in  apparently  good 
condition. 

EflForts  have  been  made  by  the  Bureau  of  Entomology,  in  coopera- 
tion with  the  Pasteur  Institute  in  Paris,  to  introduce  a  large  bembecid 
wasp  {Monedvla  Carolina  Fab.)  from  New  Orleans  into  Algeria  to  prey 
upon  the  tabanid  flies  concerned  in  the  carriage  of  a  trypanosome 
disease  of  dromedaries.  The  wasps  were  sent  in  their  cocoons  in  re- 
frigerating baskets  from  New  Orleans  by  direct  steamer  to  Havre  and 
from  New  York  by  direct  steamer  to  Havre.  There  they  were  met  by 
agents  of  the  Pasteur  Institute,  carried  to  MarseiUes  by  rail  and  thence 
by  boat  to  Algeria,  and  were  planted  under  conditions  as  closely  as 
possible  resembling  those  under  which  they  were  found  in  Louisiana, 
care  being  taken  to  simulate  not  only  the  character  of  the  soil  but  the 
exposure  to  light,  the  prevailing  wind  directions,  and  the  moisture 
conditions.  Adults  issued,  but  the  species  has  not  since  been  re- 
covered, although  it  is  quite  possibly  established. 

In  the  same  way  an  attempt  was  made  to  introduce  the  common 
bumblebee  Bombus  pennsylvanicus  De  Geer  of  the  United  States  into 
the  Philippine  Islands  for  the  purpose  of  fertilizing  red  clover.  These 
were  sent  in  refrigerating  baskets,  carried  by  hand  by  Filipino  stu- 
dents returning  from  the  United  States  to  the  Philippines,  and  for  the 
most  part  in  the  pupal  stage.  These  were  properly  planted  upon 
arrival  and  reared,  and  a  few  specimens  have  been  recovered. 

In  the  summer  of  1910  Dr.  L.  P.  De  Bussy,  biologist  of  the  Tobacco 
Planters'  Association  of  Deli,  Sumatra,  visited  the  United  States  for 
the  purpose  of  investigating  damage  to  the  tobacco  crop  by  insects 
and  disease  and  to  make  an  effort  to  import  into  Sumatra  the  parasites 
of  the  destructive  tobacco  worm  known  as  Heliothis  ohsoleta  Fab. 
Already  shipments  of  an  egg  parasite,  Trichogramma  pretiosa  Riley, 
have  been  made  to  Sumatra  via  Amsterdam,  but  information  as  to 
the  results  of  these  preliminary  shipments  has  not  yet  reached  this 
country. 

Prof.  C.  H.  T.  Townsend,  an  assistant  in  the  Bureau  of  Entomology, 
receiving  a  temporary  appointment  as  entomologist  to  the  Depart- 
ment of  Agriculture  of  Peru,  especially  to  study  the  injurious  work 
done  by  the  scale  insect  Hemichionaspis  minor  Mask,  on  cotton,  has 
during  the  past  year,  with  the  assistance  of  the  bureau,  imported  a 
number  of  shipments  of  Prospaltella  herlesei  from  Washington  into 
Peru.    It  is  too  early  to  announce  results. 

In  July,  1910,  Mr.  R.  S.  Woglum,  an  agent  of  the  Bureau  of  Ento- 
mology, was  sent  abroad  to  find  the  original  home  of  the  white  fly  of 


Digitized  by 


Google 


46  PARASITES   OF  GIPSY  AND  BROWN-TAID  MOTHS. 

the  orange,  Aleyrodes  dtri  R.  &  H.,  and  to  attempt  to  find  parasites 
or  satisfactory  predatory  enemies.  In  November,  1910,  he  found  the 
white  fly  at  Saharampur,  India,  and  discovered  that  it  was  killed  by  a 
fungous  disease  Gately  determined  as  a  species  already  occurring  in  the 
United  States — ^geriia  wehheri — by  Prof.  H.  S.  Fawcett,  of  the  Florida 
Agricultural  Experiment  Station).  He  also  found  that  it  was  at- 
tacked by  two  species  of  Coccinellidae  (Verania  cardoni  Weise  and 
Oryptognaiha  Jlavescens  Motsch.).  A  preliminary  shipment  of  the 
ladybirds  by  mail  was  apparently  unsuccessful.  Later  shipments  by 
direct  steamer  from  Calcutta  to  Boston  were  also  unsuccessful. 

At  Lahore,  India,  Mr.  Woglum  found  his  first  evidence  of  parasit- 
ism by  hymenopterous  parasites.  A  certain  proportion  of  Aleyrodes 
dtri  was  found  to  contain  the  exit  holes  of  a  true  parasite.  The 
specimens  on  leaves  sent  in  by  Mr.  Woglum  were  examined  with 
great  care.  None  of  the  full-grown  larv»  or  nymphs  contained  para- 
sites, but  five  specimens  of  a  very  minute  aphelinine  of  the  genus 
Prospalt^lla  were  found  dead  and  attached  to  the  orange  leaves  in 
close  vicinity  to  the  perforated  aleyrodids.  The  size  of  the  specimens 
was  such  as  to  justify  the  conclusion  that  they  had  issued  from  the 
aleyrodids,  and  their  juxtaposition  and  the  known  habits  of  the  genus 
confirm  this  conclusion.  The  species  was  described  by  the  senior 
author  as  ProspalteUa  Idhorensis  in  the  Journal  of  Economic  Ento- 
mology for  February,  1911,  pages  130-132.  Efforts  will  be  made  to 
import  this  parasite  into  Florida. 

The  occurrence  of  a  European  weevil,  PTiytonomus  murinus  Fab., 
in  the  alfalfa  fields  of  Utah  in  alarming  numbers  and  the  difficulty  of 
fighting  the  pest  by  mechanical  or  cultural  means  has  started  an  in- 
vestigation as  to  its  parasites  in  its  original  home.  Mr.  W.  F.  Fiske, 
of  the  Bureau  of  Entomology,  sent  from  Naples,  Italy,  on  March  17, 
1911,  a  large  lot  of  stems  of  alfalfa  containing  eggs  of  an  aUied  weevil 
parasitized  by  a  minute  mymarid,  which  at  the  time  of  this  writing 
are  on  their  way  to  Utah. 

In  the  meantime  the  State  board  of  horticulture  of  Califomia  has 
been  continuing  its  efforts  to  import  beneficial  insects  of  different 
kinds.  Mr.  George  Compere  returned  from  a  lengthy  trip  during  the 
sunmier  of  1910,  bringing  with  him  a  number  of  interesting  species, 
among  them  a  new  coccinellid  enemy  of  mealy  bugs  in  which  he  has 
great  faith,  and  which  promises  to  be  a  valuable  addition  to  the  insect 
fauna  of  the  United  States. 

Entomologists  and  horticulturists  all  over  the  world  have  become 
greatly  interested  in  this  aspect  of  economic  entomology  and  for  the 
immediate  future  a  great  deal  of  experimental  work  has  been  planned, 
by  the  officials  of  different  countries. 
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BABLY  IDEAS  ON  ZNTBODUdNG  THE  NATXJBAL  ENEMIES  OF  THE 

GIPSY  MOTH. 

Promptly  with  the  discovery  that  the  gipsy  moth  had  become 
acchmatized  in  Massachusetts,  in  1889  there  was  published  by  Prof. 
C-  H.  Femald  a  special  bulletin  of  the  Massachusetts  Agricultural 
College  Hatch  Experiment  Station,  in  which  he  gave  popular  descrip- 
tions of  the  different  stages  of  the  insect  and  recommended  spraying 
with  Paris  green.  He  stated  that  the  insect  is  generally  held  in 
check  by  its  natural  enemies  in  Europe,  but  occasionally  becomes 
very  destructive,  and  stated  that  11  species  of  hymenopterous  para- 
sites and  several  of  dipterous  parasites  had  been  noticed  in  Europe. 
This  bulletin  was  published  in  November,  1889.  In  January,  1890, 
an  illustrated  article  on  the  gipsy  moth,  by  Riley  and  Howard,  was 
published  in  Insect  Life,*  and  a  Ust  of  24  European  hymenopterous 
parasites  compiled  by  Howard  was  published. 

Immediately  following  this  pubUcation,  there  was  received  at  the 
Department  of  Agriculture,  from  Rev.  H.  Loomis,  of  Yokohama, 
Japan,  a  letter  in  which  he  stated  that  he  had  seen  reports  of  the 
ravages  of  the  gipsy  moth  in  Massachusetts  and  had  taken  consid- 
erable interest  in  the  matter.  He  also  stated  that  he  had  seen  the 
gipsy  moth  caterpillar  on  a  wistaria  vine  near  his  bouse  in  Yokohama, 
and  that  it  had  been  attacked  and  killed  by  a  parasite.  Several  of 
the  parasites  were  sent  in  an  accompanying  box,  and  proved  to  be 
Apanteles.  Subsequent  attempts  were  made  by  Mr.  Loomis  to  send 
this  parasite  in  Uving  condition  both  to  the  Department  of  Agricul-* 
lure  and  to  the  State  of  Massachusetts,  but  all  arrived  dead,  for  the 
most  part  having  been  killed  by  secondary  parasites. 

In  March,  1891,  a  conference  was  held  in  the  rooms  of  the  com- 
mittee on  agriculture  at  Boston,  at  which  were  present  Prof.  N.  S. 
Shaler,  Gen.  F.  H.  Appleton,  and  Mr.  William  R.  Sessions,  of  the 
State  board  of  agriculture;  Prof.  C.  V.  Riley,  entomologist  of  the 
United  States  Department  of  Agriculture;  Prof.  C.  II.  Femald,  ento- 
mologist of  the  State  Experiment  Station;  Mr.  S.  H.  Scudder,  a  well- 
known  entomologist;  the  mayors  of  Medford,  Melrose,  Arlington,  and 
Maiden,  and  others.  In  the  course  of  the  conference,  which  was  held 
for  the  purpose  of  discussing  the  best  measures  to  be  taken  against 
the  gipsy  moth  by  the  State,,  Prof.  Riley  advocated  an  attempt  at 
%  extermination  by  spraying.  Mr.  Scudder  advocated  the  destruction 
of  the  eggs,  and  in  the  course  of  the  discussion  Prof.  Riley  made  the 
following  remark: 

I  would  make  one  other  suggestion,  and  that  is,  that  as  an  auxiliary  method  it  would 
be  well  to  spend  $500  or  $600  in  sending  one  or  two  persons  abroad  next  summer  with 
no  other  object  than  to  go  to  some  section  of  northern  Europe  to  collect  and  transmit 
to  authorized  persons  here  a  certain  number  of  the  primary  parasites  of  this  species, 

» Insect  Life,  Division  of  Entomolo^jy,  U.  S.  Department  of  Aj;riculture,  voL  2,  pp.  208-211, 1890. 
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which  are  known  to  check  ite  ravages  over  there.  The  insect  was  undoubtedly  brought 
over  by  Trouvelot  without  any  of  its  natural  checks.  In  my  judgment  it  would  be 
well  worth  trying  to  import  its  parasites  from  abroad.  The  advantage  would  be  this: 
If  you  failed  to  exterminate  it  by  spraying,  its  parasites,  seeking  for  this  particular 
host,  would  be  more  apt  to  find  the  overlooked  or  escaped  specimens  than  man  would. 

No  action  was  taken  upon  this  suggestion,  and  the  State  author- 
ities, believing  that  such  an  attempt  would  be  useless  owing  to  the 
fact  that  their  effort  for  some  years  was  consistently  devoted  to  the 
aim  of  absolute  extermination  of  the  gipsy  moth,  perhaps  wisely 
saved  the  expense  of  a  mission  abroad  for  this  purpose.  Then,  also, 
there  was  some  hope  that  the  native  parasites,  particularly  the  ich- 
neumon flies  and  the  native  species  of  Apanteles,  as  well  as  tachina 
flies  and  some  of  the  carabid  beetles,  might  gradually  accommodate 
themselves  to  the  imported  pest  and  prove  prominent  factors  in  the 
fight  against  it. 

This  last  faint  hope,  however,  was  not  justified.  In  the  course  of 
the  careful  work  done  by  the  State  during  the  next  seven  or  eight 
years,  the  better  part  of  which  is  summarized  in  the  admirable  Report 
on  the  Gipsy  Moth,  by  Forbush  and  Femald,  published  in  1896,  sev- 
eral native  parasites  and  predatory  insects  were  observed  to  attack 
the  gipsy  moth  in  its  different  stages,  but  at  no  time  was  the  per- 
centage of  parasitism  sufficiently  great  to  have  any  value  as  a  factor 
in  the  suppression  of  the  pest.  At  no  time  was  there  a  greater  per- 
centage of  parasitism  by  native  parasites  than  10,  whereas  the  con- 
dition in  Europe  is  such  that  the  percentage  reaches  frequently  well 
'above  80.  It  may  be  worth  mentioning  that  parasitism  by  native 
species  has  never  exceeded  5  per  cent  in  any  collections  made  since  the 
present  laboratory  was  established.  It  is  nearer  2  per  cent  on  the 
average. 

In  discussions  among  the  Washington  entomologists  it  was  repeat- 
edly pointed  out  by  E.  A.  Schwarz  and  by  B.  E.  Femow  (at  that  time 
Chief  of  the  Division  of  Forestry  of  the  United  States  Department  of 
Agriculture)  that  one  of  the  most  important  of  European  enemies  of 
the  gipsy  moth,  and  the  nun  moth  as  well,  is  one  of  the  tree-climbing 
ground  beetles  known  as  Calosoma  sycophanta  L.  There  exist  a  num- 
ber of  species  of  this  same  genus  Calosoma  in  the  United  States,  but 
none  of  them  has  the  tree-climbing  habit  developed  to  the  same  ex- 
tent as  have  Calosoma  sycopJianta  of  Europe  and  its  relative  Calosomu 
inquisitor  L.  Prof.  Fernald,  writing  to  the  famous  German  authority  * 
on  forest  insects,  Dr.  Bernard  Altum,  early  in  1895,  asked  his  opinion 
as  to  the  advisability  of  importing  these  tree-inhabiting  ground  beetles, 
but  received  the  reply  that  such  an  importation  would  not  give  good 
results.  Prof.  Altum  considered  the  services  of  the  hymenopterous 
parasites  of  the  old  genus  Microgaster  as  of  much  more  importance. 

In  the  report  just  cited  Fernald  disposed  of  the  question  of  import- 
ing parasites  in  the  following  words: 
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No  attempt  has  been  made  to  import  parasites  thus  far  for  the  reason  that  the  law 
requires  the  work  to  be  conducted  with  direct  reference  to  the  extermination  of  the 
gipey  moth,  and,  therefore,  the  general  destruction  of  the  insect  would  also  destroy 
the  parasites.  There  is  no  reason  why  our  native  hymenopterous  parasites  may  not 
INPOve  to  be  quite  as  effective  as  those  of  any  other  country,  since  there  is  no  parasite 
known  which  confines  itself  exclusively  to  the  gipsy  moth,  and,  as  has  been  shown, 
we  have  several  species  which  attack  it  as  readily  as  any  in  its  native  country. 

This  position  with  regard  to  the  nonimportation  so  long  as  exter- 
mination of  the  gipsy  moth  was  the  end,  held  until  the  State  of 
Massachusetts  ceased  its  appropriations,  in  the  year  1900. 

CLBCUMSTANCES  WHICH  BBrOUOHT  ABOUT  THE  ACTTTAX  BEQIK- 

NING  OF  THB  WOBH. 

During  the  five  years  that  elapsed  before  the  State  again  began  to 
appropriate  money  for  the  suppression  of  the  gipsy  moth  and  the 
brown-tail  moth,  as  is  well  known,  the  gipsy  moth  spread  from  a 
restricted  territory  of  359  square  miles  throughout  an  extended  range 
of  2,224  square  miles  and  even  more.  As  soon  as  the  effort  to  exter- 
minate it  was  abandoned,  owing  to  the  lapse  of  the  appropriations 
for  the  year  1900,  the  project  of  importing  parasites  was  taken  up 
by  the  Chief  of  the  Bureau  of  Entomology,  who  began  correspond- 
ence with  a  number  of  European  entomologists  with  tliis  end  in  view. 
Bspecial  efforts  were  made  to  import  the  Calosomas,  but  failed, 
partly  owing  to  a  lack  of  interest  in  the  matter  on  the  part  of  the 
Europeans.  In  1902  Mr.  W.  B.  Alwood,  entomologist  of  the  Vir- 
ginia Agricultural  Experiment  Station,  went  abroad  for  a  series  of 
months  and  was  requested  by  the  chief  of  the  entomological  service 
of  the  United  States  Department  of  Agriculture  to  endeavor  to  find, 
in  some  well-placed  situation  in  Europe,  one  or  more  competent  col- 
lectors of  insects  who  would  undertake  systematically  to  send  gipsy- 
moth  parasites  to  America.  This  effort  also  failed,  and  Mr.  Alwood 
was  unable  to  find  the  proper  persons.  Finally,  in  December,  1904, 
Congress  was  asked  to  make  a  small  appropriation  for  the  distinct 
purpose  of  attempting  the  importation  of  these  parasites,  and  the 
sum  of  $2,50C  was  appropriated  for  this  purpose  in  the  session  of  the 
winter  of  1904-5.  During  the  corresponding  session  of  the  Massa- 
chusetts State  Legislature,  State  appropriations  began  once  more.  In 
1904  it  was  apparent  to  everyone  that  the  old  areas  had  become 
reinfested  and  that  the  insect  had  spread  widely.  Private  estates 
and  woodlands  in  June  and  July  of  that  year  were  almost  completely 
defoUated.    Kirkland  Wrote: 

From  Belmont  to  Saugus  and  Lynn  a  continuous  chain  of  woodland  colonies  pre- 
sented a  si^t  at  once  disgusting  and  pitiful.  The  hungry  caterpillars  of  both  species 
of  moths  swarmed  everywhere;  they  dropped  on  persons,  carriages,  cars,  and  auto- 
mobUes,  and  were  thus  widely  scattered.    They  invaded  houses,  swarmed  into  living 
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and  sleeping  rooms,  and  even  made  homes  uninhabitable  *  *  *.  Real  estate  in 
the  worst-infested  districts  underwent  a  notable  depreciation  in  value.  Worst  of  all, 
pines  and  other  conifers — altogether  too  scarce  in  eastern  Massachusetts — were  killed 
outright  by  the  gipsy-moth  caterpillars,  while  shade  trees  and  orchards  were  swept 
bare  of  foliage. 

There  was  a  general  demand  upon  the  State  legislature  and  an 
excellent  bill  was  prepared  and  passed  with  the  appropriation  of 
$300,000,  $75,000  to  be  expended  during  1905,  $150,000  and  any 
unexpended  balance  during  1906,  and  $75,000  and  any  unexpended 
balance  during  1907,  up  to  May  1,  1907,  inclusive.  And  to  this 
appropriation  there  was  added  the  clause  *'for  the  purpose  of  experi- 
menting with  natural  enemies  for  destroying  the  moths,  $10,000 
is  additionally  appropriated  for  each  of  the  years  1905,  1906,  and 
1907."  There  was  then  available  in  the  spring  of  1905  the  appro- 
priation of  $2,500  by  the  General  Government  and  that  of  $10,000 
by  the  State  of  Massachusetts  for  work  with  the  natural  enemies. 
Mr.  A.  H.  Kirkland  was  appointed  superintendent  for  suppressing 
the  gipsy  and  brown-tail  moths,  by  Gov.  Douglas,  and  immediately 
following  his  appointment,  and  with  the  approval  of  his  excellency 
the  governor,  went  to  Washington,  and  by  arrangement  with  the 
honorable  the  Secretary  of  Agriculture,  Mr.  James  Wilson,  arranged  a 
cooperation  between  the  State  and  the  Department  of  Agriculture 
whereby  the  Chief  of  the  Bureau  of  Entomology  of  the  department 
was  practically  placed  in  charge  of  the  details  of  the  attempt  to  import 
parasites  from  abroad,  in  consultation  with  Mr.  Earkland. 

The  reasons  which  influenced  Mr.  Kirkland  in  entering  into  this 
cooperation  between  the  State  and  the  United  States  Department  of 
Agriculture  were  expressed  in  his  first  annual  report  (p.  117). 

At  this  time  for  more  than  25  years  the  cliief  of  the  bureau  had 
been  devoting  his  especial  efforts  to  the  study  of  the  parasitic  Hymen- 
optera,  and  had  especially  interested  himself  in  the  subject  of  their 
biology  and  host  relations.  He  had  accumulated  a  card  catalogue 
of  more  than  20,000  entries  of  records  of  the  specific  relations  of 
parasites  to  specific  insects,  the  great  majority  of  these  being  Euro- 
pean records  and  covering  all  of  the  published  information  regarding 
the  parasites  of  the  gipsy  moth  and  the  brown-tail  moth.  He  also 
had  the  advantage  of  the  personal  acquaintance  of  most  of  the 
European  entomologists  interested  in  this  kind  of  work.  These 
facts  were  known  to  Mr.  Kirkland  and  caused  his  action. 

AN  INVESTIGATION  OP  THE  INTRODUCTION  WOBK. 

From  the  beginning  of  the  work,  and  even  before,  certain  citizens 
of  Boston,  impressed  by  the  claims  of  the  State  Board  of  Horticulture 
of  California  as  to  the  results  said  to  have  been  acliieved  by  the 
agents  of  the  board  in  the  introduction  of  beneficial  insects,  urged 
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the  employment  of  these  agents  in  the  work  of  introducing  the  para- 
sites of  the  gipsy  moth  and  brown-tail  moth.  The  arguments  in 
favor  of  this  proposal  were  duly  considered  by  the  superintendent 
of  the  Massachusetts  work,  who  decided  for  many  reasons  to  con- 
duct the  introduction  experiments  along  the  lines  just  dascribed 
and  not  to  call  in  the  assistance  of  the  California  people.  In  his 
third  report,  submitted  January  1,  1908,  Mr.  Kirkland  expressed 
the  situation  as  follows: 

In  spite  of  all  the  thought,  energy,  and  skill  that  have  been  brought  to  bear  on  this 
most  important  problem  of  introducing  the  natural  enemies  of  the  moths — a  problem 
entirely  novel  in  the  field  of  entomology — it  was  apparent  during  the  winter  of  1906-7 
that  several  of  our  influential  citizens  had  expected  immediate  results  from  the 
importation  of  the  parasites,  and  were  beginning  to  get  restive  because  such  results 
had  not  been  obtained.  Several  expressed  a  doubt  if  everything  possible  was  being 
done  to  secure  the  successful  introduction  of  the  parasites.  Others  became  enthusi- 
astic over  the  specious  proposition  put  forward  by  a  certain  western  horticulturist 
(not  an  entomologist),  who  offered  to  suppress  the  gipsy  moth  in  Massachusetts  by 
means  of  parasites  for  the  sum  of  $25,000,  "no  cure,  no  pay."  This  state  of  affairs 
was  no  doubt  a  natural  outcome  of  the  desire  to  avoid  a  repetition  of  the  great  damage 
to  property  caused  by  the  moth  in  past  years.  Again,  men  without  any  technical 
knowledge  of  entomology  or  of  the  life  histories  of  the  parasites,  not  realizing  the  ditii- 
culties  in  securing,  shipping,  breedmg,  and  disseminating  these  beneficial  insects, 
and  equally  ignorant  of  how  long  it  takes  an  imjwrted  insect  to  become  established 
even  under  the  most  favorable  conditions,  might  well  be  pardoned  for  expecting 
almost  immediate  results  from  the  introduction  of  the  relatively  small  number  of 
parafiites— small  indeed  in  comparison  with  the  tremendous  numbers  of  the  moths. 

Coming  before  the  legislature  during  the  session  of  1906-7,  tliis 
group  of  Boston  citizens  stated  that  it  was  their  opinion  that  the 
work  with  parasites  was  not  progressing  with  sufficient  rapidity,  and 
asked  thelegislature  to  appropriate  funds  and  to  instruct  the  super- 
intendent to  secure  additional  counsel  and  advice  in  the  matter  to 
determine  whether  the  work  was  going  on  in  the  right  way.  The 
legislature  agreed  and  appropriated  the  additional  sum  of  $15,000  to 
enable  the  superintendent  to  secure  such  advice. 

It  was  first  suggested  that  he  consult  only  with  certain  California 
men  who  had  had  experience  in  importing  parasites  of  scale  insects. 
lie,  however,  considered  that  consultation  with  men  whose  experi- 
ence had  been  confined  to  a  single  group  of  insects,  not  to  the  same 
group  as  the  gipsy  moth  and  the  brown-tail  moth,  wliile  possibly 
helpful,  would  not  be  broad  enough  to  throw  any  great  light  on 
the  Massachusetts  problem.     To  use  his  own  words — 

It  seemed  much  wiser  and  .certainly  more  thoroughgoing,  since  this  entire  work 
might  be  called  in  question  at  any  time,  and  in  view  of  the  large  amount  of  money 
Massachusetts  was  expending  in  securing  parasites,  to  consult  not  with  the  trained 
entomologists  of  a  single  State,  but  with  as  many  entomologists  of  national  or  even 
world-wide  reputation  as  possible.  In  other  words,  that  a  large  number  of  entomolo- 
gists of  the  highest  possible  scientific  standing,  and  particularly  those  having  practical 
experience  in  dealing  with  parasitic  insects,  should  be  invited  to  visit  Massachusetts, 
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learn  of  our  difficult  problems  on  the  spot,  examine  into  the  methods  of  importing, 
rearing,  and  distributing  parasites,  and  then  give  us  the  benefit  of  their  criticism  and 
counsel,  based  on  a  full  knowledge  of  the  facts  at  hand.  He  also  suggested  that, 
since  by  some  this  movement  might  be  taken  as  a  criticism  on  his  management  and. 
on  his  judgment  in  placing  the  direction  of  the  work  in  the  hands  of  Dr.  Howard,  it 
would  be  well  to  have  some  outside  board  or  commission  take  charge  of  the  matter, 
so  that  it  should  be  entirely  an  ex  parte  affair,  free  from  any  suggestion  of  influence 
by  the  present  administration  of  the  work.  The  suggestion  to  authorize  the  super- 
intendent to  invite  the  entomologists  was  heartily  indorsed  by  the  legislative  com- 
mittee which  had  the  matter  under  consideration,  while  the  arrangement  of  the  entire 
affair  was  left  in  his  hands. 

In  his  selection  of  experts,  Mr.  Kirkland  was  aided  by  Prof.  C.  H. 
Fernald,  of  the  Massachusetts  Agricultural  Experiment  Station, 
one  of  the  oldest  and  best  posted  entomologists  in  the  country;  and 
Mr.  Kirkland  himself,  it  must  be  remembered,  had  been  engaged  in 
active  entomological  work  for  15  years  and  had  held  official  posi- 
tions in  the  Association  of  Economic  Entomologists,  thus  having  a 
very  broad  personal  acquaintance  ydili  the  best  workers.  The  list 
selected,  as  quoted  from  Mr.  Kirkland's  report,  was  as  follows: 

Prof.  Edward  M.  Ehrhom,  deputy  commissioner  of  horticulture,  State  of  California, 
a  man  of  large  practical  experience  in  importing,  breeding,  and  disseminating  insect 
parasites,  particularly  those  of  scale  insects,  and  also  a  man  well  trained  in  applied 
entomology. 

Prof.  Herbert  Osbom,  Ohio  State  University,  one  of  the  country's  best  known 
teachers  of  entomology,  and  of  large  experience  in  investigation  and  laboratory  work. 

Dr.  John  B.  Smith,  entomologist,  New  Jersey  Agricultural  Experiment  Station, 
an  investigator  of  the  highest  order,  a  successful  teacher,  and  the  author  of  numerous 
standard  works  on  insects. 

Prof.  S.  A.  Forbes,  State  entomologist,  Hlinois,  a  most  successful  teacher  and  investi- 
gator, and  one  of  the  most  prominent  entomologists  of  the  Middle  West. 

Prof.  E.  P.  Felt,  State  entomologist  of  New  York,  a  well-known  writer  on  and  investi- 
gator of  insect  pests,  and  particularly  ingenious  in  devising  laboratory  methods. 

Prof.  H.  A.  Morgan,  director  of  the  Tennessee  Agricultural  Experiment  Station, 
of  large  experience,  and  one  of  the  best-known  entomologists  of  the  Southern  States. 

Prof.  M.  V.  Slingerland,  Cornell  University,  New  York,  an  investigator  with  hardly 
an  equal,  and  one  who  has  had  great  success  in  studying  life  histories  of  beneficial 
and  injurious  insects. 

In  addition  to  these,  the  following  well-known  foreign  entomolo- 
gists, visiting  Boston,  were  asked  to  investigate  the  situation  care- 
fully, to  study  the  laboratory  and  field  methods,  and  to  report: 

Prof.  Charles  P.  Lounsbury,  entomologist,  Cape  Town,  South  Africa,  one  who  has 
had  great  experience  as  well  as  great  succe^  in  importing  beneficial  insects. 

Prof.  Walter  W.  Froggatt,  government  entomologist,  New  South  Wales,  and  also 
investigator  for  Victoria  and  Queensland.  Prof.  Froggatt's  work  has  been  practi- 
cally along  the  same  line  as  that  of  Prof.  Lounsbury,  and  has  met  with  a  large  measure 
of  success. 

Dr.  James  Fletcher,  dominion  entomologist,  Canada,  well  known  for  his  success  in 
working  out  diflicult  points  in  the  life  histories  of  insects,  and  more  particularly  in 
dealing  with  a  wide  range  of  injurious  species. 

Prof.  R.  Blanchard,  University  of  Paris,  and  member  of  the  Academy  of  Medicine. 

Dr.  G.  Horvath,  director  of  zoological  section,  National  Hungarian  Museum,  mem- 
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ber  of  the  Academy  of  Science  of  Hungary  and  formeriy  director  of  the  e ntomological 
station  of  Hungary.  The  last  two  gentlemen  are  entirely  familiar  with  the  two  moths 
and  their  parasites. 

Dr.  Richard  Heymons,  extraordinary  honorary  professor  and  custodian  at  the  Zoo- 
logical Museum  of  the  Royal  Institute  of  Berlin.  Dr.  Heymons  has  made  a  large 
study  of  the  injiuious  insects  of  central  Europe,  and  particularly  of  their  natural 
enemies. 

Prof.  A.  Severin,  conservator  at  the  Royal  Museum  of  Natural  History  of  Belgium, 
aild  member  of  the  Superior  Council  of  Forests.  Prof.  Severin's  position  is  naturally 
that  of  one  of  the  best  posted  entomologists,  particularly,  with  reference  to  dangerous 
forest  insects. 

In  addition  to  these  foreign  entomologists,  Prof.  Filippo  Silvestri, 
of  the  Royal  Agricultural  School  of  Portici,  Italy,  visiting  America 
on  an  oflScial  mission  in  the  summer,  of  1908,  visited  Boston,  and 
was  asked  to  give  his  professional  opinion  of  the  work,  his  report 
being  printed  in  the  fourth  annual  report  of  the  superintendent, 
issued  January,  1909,  by  L.  H.  Worthley,  acting  superintendent. 

It  is  worthy  of  note  that  Prof.  Silvestri  had  been  commissioned  by 
the  R.  Accademia  dei  Lincei  and  by  the  royal  minister  of  agriculture 
of  Italy  to  investigate  the  work  in  economic  entomology  being  done 
in  the  United  States,  and  had  visited  all  portions  of  the  country, 
including  California  and  Hawaii,  studjdng  with  especial  care  all  the 
work  being  done  with  parasites.  It  should  be  pointed  out  also  that 
the  California  claims  were  perfectly  well  understood  by  all  of  the 
American  experts,  Mr.  Ehrhom  himself  being  the  second  ranking 
officer  in  the  California  service,  and  the  others  having  either  visited 
CaJifomia  partly  for  the  purpose  of  investigating  this  work,  or  being 
perfectly  familiar  with  the  situation  by*study  of  the  pubUcations  and 
by  correspondence.  Moreover,  of  the  foreign  experts,  Mr.  Froggatt 
had  just  come  from  California  on  an  investigating  trip  for  the  gov- 
ernment of  the  Federated  Colonies  of  Australia  which  subsequently 
carried  him  around  the  world,  Mr.  Lounsbury  had  visited  California 
for  the  purpose  of  studying  this  work,  and  Dr.  Fletcher  had  repeat- 
edly visited  that  State. 

The  reports  of  all  of  these  experts,  with  the  exception  of  that  of 
Prof.  Silvestri,  are  published  in  the  third  annual  report  of  the  Massa- 
chusetts superintendent,  Boston,  1908,  Prof.  Silvestri's  report  being 
published,  as  above  stated,  in  the  fourth  annual  report  of  the  super- 
intendent. 

It  will  be  entirely  unnecessary  to  quote  from  these  reports,  since 
they  may  be  found  in  full  in  the  State  documents  mentioned.  It 
will  suffice  to  state  that  the  work  was  commended,  it  is  safe  to  say, 
with  enthusiasm  by  every  individual.  Specific  consideration  was 
given  to  the  CaJifomia  suggestion  by  Mr.  Lounsbury,  by  Mr.  Frog- 
gatt, and  by  Prof.  Slingerland.  Suggestions  were  made  by  several 
of  them  that  the  study  of  the  fungous,  bacterial,  and  protozoan 
diseases  of  the  larvse  should  be  taken  up.     Dr.  Felt  and  Dr.  Smith 
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recommended  the  importance  of  the  introduction  of  the  Japanese 
parasites,  and  Dr.  Felt  suggested  the  importance  of  careful  biolog- 
ical studies  of  the  parasites,  not  only  in  America  but  in  Europe.  All 
of  these  suggestions  coincided  wath  plans  already  made  which  were 
about  to  be  entered  upon,  as  indicated  in  following  pages. 

The  subject  of  the  study  of  the  diseases  of  the  caterpillars  does  not 
come  under  the  range  of  the  present  bulletin,  but  since  it  has  been 
mentioned,  it  should  be  stated  that  the  State  superintendent  has  for 
the  past  two  years  been  having  this  subject  investigated  and  that  it 
is  now  going  on  under  the  expert  supervision  of  Dr.  Roland  Thaxter, 
of  Harvard  University,  and  Dr.  Theobald  Smith,  of  the  Harvard 
Medical  School. 

Mr.  Kirkland's  summary  seems  fully  justified.     It  is  as  follows: 

It  will  be  eeen  from  the  foregoing  that  the  work  of  importing  parasites  of  the  gipsy 
and  brown-tail  moths  in  Massachusetts  has  been  thoroughly  examined  by  practically 
a  congress  of  the  world's  leading  entomological  experts.  And  it  is  believed  that  their 
consensus  of  opinion,  which  is,  in  the  main,  that  everything  i)ossible  to  secure  the 
successful  importation  of  these  insects  is  being  done,  will  be  taken  as  authoritative 
and  final.  It  would  seem  that  the  last  word  has  been  said  on  this  matter,  and  that 
there  should  be  no  further  occasion  for  that  kind  of  adverse  criticism,  whose  sole 
effect  is  to  harass  those  who  are  giving  their  best  thought  and  most  sincere  effort  to  the 
accomplishment  of  the  desired  result.  Destructive  criticism  of  scientific  work,  by 
the  amateur  or  dilettante,  is  absolutely  valueless.  Constructive  criticism,  such  as 
these  reports  make  on  certain  minor  details  of  this  important  work,  is  helpful  and  a 
public  good. 

NABBATIVE  OF  THE  PBOGBESS  OF  THE  WOBK. 

Down  to  the  time  when  this  work  was  b^un,  all  attempts  at  the 
international  handUng  of  beneficial  insects  had  been  done  either  by 
correspondence  or  by  the  sending  of  an  individual  collector  to  search 
for  such  insects  and  to  forward  them  by  mail  or  express  or  to  bring 
them  back  himself  in  comparatively  small  numbers,  the  beneficial 
species  being  either  at  one 3  liberated  in  the  field  or  reared  for  a  time 
in  confinement  and  then  liberated.  In  planning  the  present  work 
the  normal  geographic  ranges  of  both  the  gipsy  moth  and  the  brown- 
tail  moth  were  well  known  and  most  of  their  parasites  had  been  listed, 
so  that  the  problem  seemed  to  be  a  comparatively  simple  one.  Owing 
to  the  fact  that  the  most  abundant  of  the  Japanese  gipsy  moths  (four 
of  them  are  listed)  presents  rather  marked  difTerences  from  the  Euro- 
pean and  New  England  form — so  much  so,  in  fact,  as  almost  to  justify 
the  opinion  that  it  is  a  distinct  species — and  as  the  ancestors  of  the 
New  England  gipsy  moth  came  from  Europe,  it  was  decided  to  con- 
centrate the  efl'ort,  for  a  time  at  least  and  in  the  main,  upon  Euro- 
pean parasites  and  natural  enemies.  From  the  outset  the  idea  was 
to  secure  as  many  parasites  belonging  to  as  many  difi'erent  species  as 
possible  from  all  parts  of  Europe,  in  the  hope  of  establishing  in  New 
England  approximately  the  natural  environment  of  the  gipsy  moth 
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and  the  brown-tail  moth  in  so  far  as  their  natural  checks  are  con- 
cerned. It  was  the  aim  to  establish,  not  one  or  half  a  dozen  of  its 
natural  enemies,  but  all  of  them,  aiming  at  the  same  time  to  avoid 
the  introduction  of  hyperparasites — that  is,  those  species  that  prey 
upon  the  true  parasites  of  the  injurious  forms — ^thus,  if  possible,  bring- 
ing about  an  even  more  favorable  situation  for  the  primary  parasites 
in  New  England  than  exists  in  Europe. 

On  accoimt  of  tlie  enormous  numbers  in  wliich  both  gipsy  and 
brown-tail  motlis  existed  in  Massachusetts,  it  was  considered  that 
the  simplest  way  to  secure  the  true  European  parasites  was  to 
collect  caterpillars  and  chrysalids  wherever  they  could  be  found 
in  Europe,  box  them,  and  ship  them  directly  to  Boston;  this  always 
with  the  certainty  that  a  certain  percentage,  high  or  low,  would 
contain  living  parasites  which  would  probably  issue  in  the  adult 
condition  on  the  journey  or  after  arrival  in  America,  in  wliich  event 
they  could  be  cared  for,  reared  until  sufficiently  multiplied,  and  then 
liberated. 

A  temporary  laboratory  for  the  receipt  and  care  of  specimens 
was  immediately  estabUshed  by  Mr.  Kirkland  at  Maiden,  Mass., 
and  a  careful  search  was  begun  for  a  suitable  location  for  a  perma- 
nent laboratory  for  the  care  of  parasites.  It  was  considered  desirable 
that  tlus  laboratory  should  be  placed  in  a  region  in  which  both  the 
gipsy  moth  and  the  brown-tail  moth  occurred  in  abundance,  so 
that  there  might  be  plenty  of  material  for  food  for  the  parasites 
at  aU  times;  and  it  was  ako  considered  of  importance  that  a  con- 
siderable area  of  land  should  be  secured  which  could  be  controlled 
for  outdoor  experiments.  Mr.  Kirkland  finally  found  a  small  farm 
with  buildings  in  North  Saugus,  the  location  easily  accessible  by 
electric  cars  and  sufficiently  isolated.  (See  PL  II,  fig.  1.)  The 
house  was  large  enough  to  give  ample  room  for  laboratory  use, 
and  at  the  same  time  furnished  dwelling  rooms  for  the  state  official 
in  charge.  In  the  immediate  vicinity  there  was  a  chain  of  large 
woodland  colonies  of  the  gipsy  moth  and  numerous  orchards  infested 
by  the  brown-tail  moth,  as  well  as  a  large  area  of  scrub-oak  land 
where  the  brown-tail  moth  occurred  very  abundantly.  A  portion 
of  the  building  occupied  as  a  laboratory  was  fitted  up  by  the  State 
with  shelves,  tables,  rearing  cages,  and  all  necessary  apparatus 
and  supplies,  and  the  State  employed  Mr.  F.  H.  Mosher,  with  Mr. 
E.  A.  Back  and  Mr.  O.  L.  Clark  as  assistants,  to  help  care  for  the 
parasites. 

While,  as  just  stated  and  for  the  reasons  given,  the  main  effort 
was  made  with  Europe,  correspondence  was  begun  with  the  Imperial 
Agricultural  Experiment  Station  at  Nishigahara,  Tokyo,  Japan, 
and  the  Imperial  Agricultural  College  at  Sapporo,  in  order  to  secure, 
if  possible,  the  services  of  expert  Japanese  entomologists  in  sendLag 
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Japanese  parasites,  and  Prof.  S.  I.  Kuwana  immediately  prepared 
an  important  sending,  which,  however,  was  not  productive,  through 
accidents  in  transportation.  The  method  tried  by  Prof.  Kuwana 
was  mteresting.  A  small  tree  carrying  a  number  of  mfested  gipsy- 
moth  caterpillars  was  packed  in  a  large  wooden  case  with  wire- 
gauze  sides ;  another  case  of  small  elms  was  shipped  with  the  insects, 
and  they  were  thus  supplied  with  fresh  food  from  time  to  time  as 
far  as  Hawaii.  The  case,  however,  shrunk  in  transit,  making  open- 
ings through  wliich  the  parasites  for  the  most  part  escaped. 

In  May,  1905,  the  Chief  of  the  Bureau  of  Entomology  visited 
Boston  for  conference  with  Mr.  Kirkland,  and  on  June  3  sailed 
from  Boston  to  Naples.  Landing  in  Naples  on  June  13,  he  at  once 
proceeded  to  the  Royal  Agricultural  School  at  Portici,  some  miles 
away,  and  held  a  conference  with  Prof.  F.  Silvestri,  the  entomologist 
of  the  college,  and  his  principal  assistant.  Dr.  G.  Leonardi.  By 
good  fortune,  Prof.  Silvestri  was  able  to  point  out  a  locality  in 
Sardinia  where,  during  1904,  there  had  been  a  severe  outbreak  of 
the  gipsy  moth  and  where,  therefore,  during  1905  parasites  could 
with  almost  absolute  certainty  be  predicted  to  occur  in  numbers. 
With  true  scientific  enthusiasm,  both  Prof.  Silvestri  and  Dr.  Leonardi 
volunteered  their  assistance,  and  Dr.  Leonardi  was  at  once  com- 
missioned by  his  cliief  to  proceed  to  Sardinia  and  to  collect  such 
caterpillars  as  he* could  find  and  forward  them  in  tight  wooden 
boxes,  with  a  supply  of  food,  to  Boston.  His  expedition  was  a 
success,  and  there  were  received  from  him  at  Boston,  on  the  15th 
of  July,  7  boxes,  on  the  26th  of  July  24  boxes,  and  on  the  1st  of 
August  7  boxes,  all  containing  valuable  material,  the  most  important 
being  a  large  series  of  living  puparia  of  certain  parasitic  tachina 
flies. 

Tliis  extremely  cordial  and  profitable  reception  at  Portici  by 
Prof.  Silvestri  and  Dr.  Ijconardi,  both  personally  known  to  the 
chief  of  the  bureau  from  former  visits,  was  but  a  foretaste  of  the 
encouragement  which  was  to  be  met  at  all  points,  and  it  may  very 
properly  be  said  in  advance  that  throughout  the  whole  of  the  work 
many  European  and  Japanese  entomologists,  both  officials  and 
private  individuals,  have  shown  an  extreme  liberaUty  in  their  offers 
of  assistance  in  tliis  great  piece  of  experimental  work,  and  the  State 
of  Massachusetts  and  the  United  States  Government  are  under 
great  obligations  to  them  for  their  help  and  encouragement.  For 
the  work  done  by  Dr.  Leonardi,  just  described,  and  for  similar 
work  done  in  ensuing  years,  with  Prof.  Silvestri's  permission,  no 
compensation  would  be  accepted,  and  the  State  of  Massachusetts 
has  paid  simply  for  the  expenses,  such  as  packing,  postage,  small 
traveling  expenses,  and  items  of  that  general  character. 
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Plate  II. 


FiQ.  1.— View  of  Parasite  Laboratory  at  North  Sauqus,  Mass.    (Original.) 


Fig.  2.— View  of  Parasite  Laboratory  at  Melrose  Highlands,  Mass.    (Original.) 
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After  Portici,  Florence  was  visited,  wiiere  a  conference  was  held 
with  Prof.  A.  Berlese,  of  the  Royal  Station  of  Agricultural  Ento- 
mology, and  his  assistants,  Drs.  Del  Guercio  and  Ribaga.  It  seemed 
that  no  occurrences  of  either  the  gipsy  moth  or  the  brown-tail  moth 
were  known  tjjat  season,  in  Tuscany  or  adjoining  portions  of  Italy. 
Prof.  Berlese  spoke  of  the  destruction  of  an  outbreak  of  tlie  gipsy 
moth  in  southern  Italy  some  years  previously  by  a  disease  which 
he  considered  to  be  identical  with  the  p^brine  of  the  domestic  silk- 
worm. He  promised  to  keep  up  a  watch  for  occurrences  of  the 
pests  and  wherever  possible  to  assist  in  the  introduction  of  parasites. 
A  few  days  were  then  spent  in  Lombardy,  searching  for  the  larvae 
of  either  of  the  injurious  species,  but  without  success.  Then,  pro- 
ceeding to  Vienna,  the  celebrated  Natural  History  Museum  was 
visited  and  the  well-known  curator  of  I^epidoptera,  Dr.  Hans 
Rebel,  was  interviewed.  Dr.  Rebel  stated  that  both  the  gipsy 
moth  and  the  brown-tail  moth  were  to  be  found  rather  commonly 
in  parts  of  Austria,  and  it  was  decided  to  employ  a  professional 
collector  to  assist  in  the  work  of  shipping  larvae  to  Boston.  Upon 
Dr,  RebeFs  recommendation,  Mr.  Fritz  Wagner  was  employed. 
Mr.  Wagner  was  and  is  a  resident  of  Vienna,  is  well  versed  in  the 
subject  of  European  butterflies  and  moths,  and  perfectly  famiUar 
with  all  the  best  collecting  places  for  many  miles  about  Vienna. 
Mr.  Wagner  accompanied  the  writer  on  several  expeditions.  The 
first  trip  was  taken  to  the  suburbs  of  Vienna,  and  there  the  first 
European  specimen  of  the  gipsy-moth  larva  was  found..  It  was 
resting  on  the  trunk  of  a  locust  tree  by  the  side  of  the  street,  and 
further  examination  showed  that  there  were  a  hundred  or  more 
caterpillars  on  the  trunk  and  hmbs  of  the  same  tree.  There  was 
some  evidence  of  parasitism,  and  the  white  cocoons  of  a  microgaster 
parasite  (Apanteles  fulvipes  Hal.)  were  found  here  and  there  in 
the  crevices  of  the  bark.  This  particular  tree  and  another  one, 
to  be  mentioned  later,  indicate  very  well  tlie  condition  of  the  gipsy 
moth  in  Europe.  A  hundred  nearly  full-grown  larvae  were  present, 
but  there  was  hardly  any  evidence  of  defoliation.  A  trauied  ento- 
mologist walking  by  the  tree  would  not  have  noticed  that  insects 
had  been  feeding  upon  it  to  any  serious  extent.  On  the  other 
hand,  a  similar  tree  in  any  of  the  small  towns  about  Boston  would 
have  carried  not  100  larva?,  but  probably  some  thousands,  and  at 
that  time  of  the  year  would  hardly  have  had  a  whole  leaf.  These 
specimens  were  collected  and  sent  to  Boston. 

Later  a  trip  was  taken  into  the  country  to  the  battlefield  of  Wa- 
gram,  and  here  on  two  roadside  poplars  was  found  another  colony  of 
the  caterpillars  ranging  in  size  from  the  second  stage  to  full-grown 
larvae.     There  was  here  more  extensive  evidence  of  parasitism  by 
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microgaster  parasites.  Their  wliite  cocoons  were  found  abundantly, 
and  here  again,  although  there  must  have  been  250  or  more  larvae  on 
the  trees,  the  evidences  of  defoliation  were  very  sUght^ — so  much  so 
that  at  a  rather  short  distance  the  trees  appeared  in  full  leaf.  Dur- 
ing the  remainder  of  June  and  July  Mr.  Wagner  continued  the  search 
and  sent  considerable  material  to  Mr.  Kirkland,  at  Boston. 

After  Vienna,  the  city  of  Budapest  was  visited.  At  the  Natural 
History  Museum  in  that  city  Dr.  G.  Horvath,  the  well-known  director, 
and  Prof.  Alexander  Mocsary  were  consulted.  Prof.  Mocsary  being  one 
of  the  first  authorities  in  Europe  on  the  subject  of  parasitic  Hymen- 
optera.  Neither  of  these  gentlemen,  however,  was  able  to  give  any 
new  points  in  connection  with  the  parasites  of  the  gipsy  moth  and 
the  brown-tail  moth.  The  agricultural  experiment  station  in  the  sub- 
urbs of  Pesth  was  then  visited,  and  Prof.  Josef  Jablonowski,  the 
entomologist  of  the  station,  was  consulted.  ^  By  this  time  it  was 
the  4th  of  July,  and  already  the  season  in  Hungary  was  far  advanced, 
being  about  two  weeks  or  more  earlier  there  than  at  Vienna.  Prof. 
Jablonowski  stated  that  gipsy  moths  had  been  found  in  certain 
localities  in  Transylvania,  but  that  the  adults  were  aheady  issuing 
and  that  the  brown-tail  motlis  had  been  flying  for  some  time.  He 
exhibited,  however,  a  large  box  full  of  the  previous  winter^s  nests 
of  brown-tail  larvae,  and  stated  that  in  the  early  spring  he  had 
reared  from  these  nests  many  hundreds  of  parasitic  insects.  This  at 
once  seemed  to  indicate  a  very  easy  way  of  importing  such  parasites, 
since  these  nests  could  be  readily  collected  in  the  winter  in  large 
numbers  and  sent  to  Boston  in  great  packages — a  bushel  or  more  in 
each  package — ^in  the  late  fall  or  winter  season^  and  Prof.  Jablonowski 
volunteered  to  make  every  effort  the  following  winter  to  send  over 
a  large  quantity.  Taking  into  consideration  the  small  size  of  the 
brown-tail  moth  caterpillars  during  hibernation,  it  seemed  very 
strange  that  they  should  be  so  extensively  parasitized  as  indicated 
by  Jablonowski.  The  larger  caterpillars  in  the  late  spring  and  early 
summer  would  seem  to  be  much  more  likely  to  be  extensively  infested. 
These  winter  nests,  remaining  alone  on  the  trees  after  the  leaves  have 
fallen,  would  seem  to  be  an  attractive  place  for  small  Hymenoptera 
of  various  kinds,  in  which  they  might  seek  shelter  for  hibernation,  and, 
while  of  course  there  was  a  chance  that  some  of  the  true  parasites  of 
later  stages  might  thus  be  sheltered,  it  was  with  considerable  doubts 
as  to  the  ultimate  result  that  the  writer  arranged  for  the  importation 
of  these  nests  in  large  quantity.  Even  if  unsuccessful,  however,  it 
seemed  that  the  experiment  must  be  tried. 

From  Budapest,  Dresden  was  reached,  and,  as  in  Vienna  and 
Budapest,  the  principal  museum  (the  Zoological  Ethnological 
Museum)  was  at  once  visited.  Dr.  K.  M.  Heller,  at  that  time  acting 
director  of  the  museum,  was  asked  to  recommend  a  good  man  who 
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might  be  employed  as  a  professional  collector  to  undertake  work  in 
the  same  manner  as  that  done  by  Fritz  Wagner  in  Vienna.  Dr. 
Heller  recommended  Mr.  Edward  Schopfer,  who  was  at  once  engaged. 
Although  at  the  date  of  the  first  visit  to  him  the  season  was  alreatly 
considerably  advanced  (July  7),  Mr.  Schopfer  had  rearing  cage^j  in 
operation  in  his  rooms,  and  in  these  cages  were  a  number  of  nearly 
full-grown  larvae  of  the  gipsy  moth.  lie  knew  the  localities  about 
Dresden  where  these  insects  were  to  be  found,  and  at  once  began 
sending  specimens  to  Boston.  The  well-known  Forest  Academy  at 
Tharandt,  near  Dresden,  was  visited,  and  Prof.  Arnold  Jacobi  and  his 
assistant,  Mr.  W.  Baer,  were  interested  and  promised  assistance, 
especialty  in  the  matter  of  sending  specimens  of  Calosoma  sycophanta 
(see  PI.  I,  frontispiece)  and  C.  inquisitor.  Other  trips  were  made 
in  the  vicinity  of  Dresden,  and  then  the  journey  was  resumed  to 
Zurich,  where,  through  the  kindness  of  Dr.  Herbert  Haviland  Field, 
director  of  the  Concilium  Bibhographicum  Zoologicum,  the  writer 
met  Miss  Marie  Ruhl,  editor  of  the  Societas  Entomologica,  a  very 
well-posted  entomologist,  especially  on  matters  relating  to  Lepidop- 
tera,  who  had  and  has  a  large  correspondence  throughout  northern 
Germany.  She  was  engaged  as  the  official  agent  of  the  investigation 
for  that  part  of  Germany  and  was  able,  through  her  own  work  and  that 
of  her  correspondents,  to  send  a  large  amount  of  material  to  Boston 
before  the  close  of  the  season  of  1905,  and  has  since  continued  the 
work. 

From  Zurich  the  trip  was  resumed  to  Paris,  where  some  time  was 
spent  in  interviewing  Dr.  Paul  Marchal,  the  entomologist  of  the 
agricultural  school  conducted  under  the  ministry  of  agriculture,  and 
other  entomologists,  and  in  visiting  the  scientific  societies  for  the  pur- 
pose of  interesting  naturalists  in  the  work.  Many  trips  were  taken 
to  towns  around  Paris  in  search  of  the  pupse  of  the  gipsy  moth  and  to 
visit  local  collectors  in  search  of  information,  after  which  the  return 
journey  was  made  to  America. 

The  result  of  this  initial  trip  was  to  demonstrate  that  it  is  an  easy 
matter  and  a  comparaitively  inexpensive  one  to  import  certain  of  the 
parasites  of  both  the  gipsy  moth  and  the  brown-tail  moth  in  Hving 
condition  into  the  United  States.  The  most  important  part  of  tlie 
European  range  of  the  two  species  was  visited,  and  the  entomologists 
were  organized  into  an  active  body  of  assistants. 

Mention  has  already  been  made  of  the  number  of  boxes  sent  in  by 
Dr.  Leonardi  from  Sardinia.  Ten  boxes  were  shipped  by  Fritz  Wag- 
ner from  Vienna,  47  boxes  from  Schopfer  in  Dresden,  and  36  from 
iUss  Etihl  in  Zurich,  all  of  these  containing  parasitized  larvae  or  pupae 
of  the  gipsy  moth  or  brown-tail  moth. 

Acting  upon  Prof.  Jablonowski's  observations  concerning  the 
existence  of  parasites  in  the  wintering  nests  of  the  brown-tail  moth. 
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arrangements  were  made  with  Miss  Ruhl,  Mr.  Schopfer,  Prof.  A.  J. 
Cook,  who  was  then  in  BerUn,  and  several  volunteer  collectors  to  send 
in  numbers  of  the  winter  nests.  During  his  visit  to  Paris  in  July,  the 
chief  of  the  bureau  had  addressed  a  meeting  of  the  Entomological 
Society  of  France  on  the  subject  of  his  mission  and  asked  the  members 
of  the  society  to  assist  in  the  work.  The  most  remarkable  response  to 
this  request  came  from  Mr.  Rene  Oberthur,  of  Rennas,  who,  although 
not  present  at  the  meeting,  read  the  account  in  the  bulletin  of  the 
society,  and  placed  himself  and  his  services  entirely  at  the  disposal 
of  the  United  States  authorities.  During  the  autumn  of  1905  and 
the  winter  of  1905-6  he  sent  to  Boston  more  than  10,000  winter 
nests  of  the  brown-tail  moth.  In  all,  117,000  nests  were  received 
and  cared  for  during  that  winter. 

In  the  autumn  the  laboratory  house  (PI.  II,  fig.  1,  p.  56)  at  North 
Saugus  was  taken  possession  of  by  Mr.  Kirkland,  fitted  up  as  pre- 
viously described,  and  occupied  by  Mr.  Mosher;  the  parasite  material 
from  Maiden  was  brought  over  and  installed,  and  arrangements  were 
made  for  the  receipt  of  the  brown-tail  winter  nests.  Very  many 
large  boxes  were  constructed,  somewhat  on  the  plan  of  the  Cali- 
fornia parasite-rearing  cage,  each  one  large  enough  to  contain  from  500 
to  1,000  nests  of  the  brown-tail  moth,  the  front  being  pierced  with 
auger  holes  in  which  were  inserted  round-bottom  glass  tubes  into 
which  the  emerging  parasites  would  come  in  search  of  light  and 
through  which  they  might  be  examined  to  differentiate  between  the 
primaries  and  the  hyperparasites.  Much  carpenter  work  was  done 
during  the  autumn  and  winter  months  and  on  into  the  spring. 
Double  windows  and  double  doors  were  provided,  and  every  crack 
in  the  laboratory  rooms  ^was  sealed.  Reahzing  that  many  different 
kinds  of  insects  might  emerge  from  tliis  large  supply  of  silken  nests, 
including  possibly  species  injurious  to  agriculture  not  previously 
introduced  into  the  United  States,  as  well  as  dangerous  parasites  of 
beneficial  insects,  every  possible  effort  was  made  to  prevent  the  escape 
of  any  insect  whatever  from  the  laboratory  rooms. 

On  account  of  the  importance  of  a  speedy  detection  of  injurious 
forms  coming  from  these  rearing  cages,  and  on  account  of  the 
necessity  for  the  most  expert  supervision  of  the  laboratory  end  of  the 
experiment,  Mr.  E.  S.  G.  Titus,  an  especially  well  trained  expert 
from  the  Bureau  of  Entomology,  was  assigned  in  the  spring  of  1906 
to  the  charge  of  the  laboratory  end  of  the  introduction. 

In  March,  1906,  Mr.  Titus,  with  the  chief  of  the  bureau  and  with 
Mr.  Kirkland  and  Mr.  Mosher,  visited  the  parasite  laboratory,  and 
for  the  first  time  examined  the  contents  of  the  imported  nests. 
There  were  in  the  different  cages,  well  separated  as  to  localities, 
winter  nests  from  almost  the  whole  of  the  European  range  of  the 
brown-tail  moth,  from  Transylvania  on  the  southeast  to  Brittany 
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on  the  northwest,  and  from  the  Pyrenees  on  the  southwest  to  the 
shores  of  the  Baltic  on  the  northeast.  In  spite  of  the  voluntary 
assistance  of  such  men  as  Rene  Oberthur  and  Josef  Jablonowski,  the 
expense  of  getting  these  nests  to  Boston  had  been  very  considerable, 
and  the  moment  when  this  examination  was  begun  was  considered 
to  be  rather  a  critical  one.  No  published  record  of  the  rearing  of 
parasites  from  these  winter  nests  was  recalled  by  the  senior  author 
or  by  any  of  his  Exux)pean  correspondents,  and  the  expensive  experi- 
ment rested  solely  on  the  impublished  observation  of  Jablonowski, 
and  he  himself  had  simply  seen  parasites  emerge  from  nests  in  the 
spring.  Would  they  prove  useless  ?  Had  the  parasitic  insects,  ev^ 
if  useful,  simply  crawled  into  the  nests  for  hibernation  ?  Or  were  they, 
some  of  them,  true  parasites  of  the  young  larvae  ?  Representative  nests 
were  examined  from  a  number  of  different  localities,  and  the  reUef 
and  joy  were  great  when  parasitic  larvae  were  found  in  considerable 
niunbers  in  each  of  the  nests  examined,  feeding  within  the  nest  pockets 
externally  upon  the  brown-tail  larvae.  This  particular  experiment 
was  a  success,  and  the  expenditure  of  money  and  trouble  was  justified. 
About  April  25  these  parasites  began  to  issue  from  the  nests.  The 
nc^ts  had  been  gathered  in  all  from  33  different  localities,  and  from 
some  of  them  only  a  small  munber  of  parasites  was  reared.  In  all, 
about  70,000  issued,  of  which  about  8  per  cent  were  hyperparasites. 
In  the  rearing  cages  above  mentioned  it  was  a  comparatively  easy 
matter  for  Mr.  Titus  to  separate  the  hyperparasites  from  the  true 
parasites  and  to  destroy  the  former.  Of  the  species  issuing  in  that 
spring — and  they  continued  to  issue  \mtil  about  June  15 — there  were 
two  species  which  appeared  to  be  important,  namely  Pteromalus 
egregius  Forst.  and  Uahrohracon  hrevicomis  Wesm.  The  latter  species 
proved  later  to  have  entered  the  nests  for  hibernation  only. 

With  the  cooperation  of  Mr.  Kirkland,  several  localities  were  found 
in  which  there  was  slight  danger  of  forest  fire  and  in  which  no  work 
against  the  moths  would  apparently  be  undertaken  for  at  least  some 
months  to  come,  and  colonies  of  various  sizes — the  tliree  principal 
ones  including,  respectively,  10,000,  15,000,  and  25,000  parasites — 
were  liberated  in  the  open.  Outdoor  cages  had  been  built  over  trees, 
and  some  smaller  colonies  of  the  parasites  were  placed  in  these  cages. 
Both  the  outdoor  experiments  and  the  open  experiments  were 
seriously  hampered,  however,  by  the  fact  that  the  season  proved  to 
be  one  of  extraordinary  humidity,  which  caused  the  appearance  of  a 
fui^ous  disease  which  destroyed  a  large  proportion  of  the  brown-tail 
moth  larvae  in  the  vicinity  of  Boston. 

Coincident  with  the  issuing  of  these  parasites  from  the  nests,  as  the 
season  grew  warm  the  yoimg  larvae  swarmed  from  the  nests  and 
filled  the  glass  tubes  in  the  breeding  cages  and  were  constantly  being 
destroyed  by  the  assistants  in  the  laboratory,  and  when  the  parasites 
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ceased  to  issue  the  remaining  nests  and  larvae  were  burned.  But 
later  observations  showed  this  destruction  to  have  been  a  mistake. 
It  was  not  considered  likely  that  other  parasites  could  be  reared 
from  these  imported  larvae  if  they  were  fed  and  reared  as  far  as  pos- 
sible, but  such  proved  to  be  the  case,  as  will  be  shown  later. 

During  the  wnnter  of  1905-6  efforts  were  made  to  import  in  winter- 
ing conditions  the  two  large  European  ground-beetles,  Calosoma 
sycophanta  (see  PI.  I,  frontispiece)  and  C,  inquisitor.  No  success  in 
importing  living  specimens  was  gained  imtil  March,  1906,  but  from 
that  time  on  until  July  small  consignments  of  living  adult  beetles 
were  received,  and  in  all  690  living  specimens  of  Calosoma  sycophanta 
and  172  of  T.  inquisitor  arrived  at  Boston  alive,  some  of  them  dying 
soon  after  arrival.  Colonies  were  started  in  various  localities  about 
Boston.  Consideration  of  the  history  of  these  two  species  will  be 
given  in  Bulletin  101. 

After  visiting  the  parasite  laboratory  in  March  and  determining 
the  success  of  the  importation  of  the  brown-tail  nests,  the  senior 
author  sailed  from  New  York  on  the  17th  of  the  month  for  Europe, 
returning  to  America  May  17. 

Proceeding  directly  to  Paris,  Mr.  Rene  Oberthiir  was  met  by  appoint- 
ment, and  the  whole  subject  of  the  summer  work  was  carefully  con- 
sidered. Mr.  Oberthur  is  a  man  of  affairs,  proprietor  of  a  large 
printing  business,  a  learned  amateur  entomologist,  and  the  possessor 
of  one  of  the  largest  insect  collections  in  the  world.  His  advice  and 
assistance  throughout  the  whole  work  has  been  most  important,  and 
he  assures  the  American  representatives  that  he  has  highly  appre- 
ciated the  opportunity  of  being  of  assistance  and  of  taking  part  in 
such  an  interesting  piece  of  work.  At  his  advice  the  writer  proceeded 
to  the  south  of  France,  after  interviewing  correspondents  and  agents 
in  Paris,  and  ^dsited  Prof.  Valery  Mayet  at  the  agricultural  school 
at  Montpellier,  Dr.  P.  Siepi,  of  the  Zoological  Gardens  in  Marseilles, 
and  Mr.  Harold  Powell,  of  Hy^res.  Both  Prof.  Mayet  and  Dr.  Siepi 
stated  that  both  of  the  injurious  species  of  insects  were  rare  in  their 
vicinity,  but  both  promised  to  assist  in  the  importation  of  the  Calosoma 
beetles.  Mr.  Powell  proved  to  be  a  lepidopterist  who  had  been 
employed  professionally  by  Mr.  Oberthur  as  a  collector,  and  he  was 
engaged  to  collect  parasitized  larvae  in  Hy^res  and  in  the  Enghadine 
district.  He  sent  in  much  good  material,  and  later,  as  will  be  shown 
in  subsequent  pages,  organized  a  veiy  efficient  service  in  the  summer 
of  1909.  The  visit  to  Prof.  Mayet  at  MontpelUer,  moreover,  was  by 
no  means  devoid  of  results,  since  at  a  later  date  he  was  able  to  send 
a  few  specimens  of  carabid  beetles,  and  in  1908,  as  a  result  of  this 
personal  interview,  he  was  able  to  send  to  America  the  first  living 
specimens  of  the  European  egg  parasite  of  the  imported  elm  leaf- 
beetle,  Tetrastichus  xanthomelsensa  Marchal,  wliich,  as  a  result  of  this 
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sending,  is  now  possibly  established  in  New  England,  although  it 
was  not  recovered  during  the  summers  of  1909  and  1910. 

While  at  Marseilles  interviewing  Dr.  Siepi,  April  10,  the  newa  was 
received  of  the  eruption  of  Vesuvius  and  the  partial  destruction 
by  lava  flow  of  Boscatrecase  and  other  villages  on  the  slope  of 
Vesuvius.  Having  to  interview  Prof.  Silvestri  and  Dr.  Leonardi  at 
Portici,  and  fearing  for  their  safety,  the  visitor  proceeded  at  once  to 
Naples,  arriving  there  the  day  of  the  great  market-house  accident  in 
which  the  roof  fell  in  from  the  weight  of  volcanic  ash  and  a  number 
of  persons  were  killed.  Everything  in  Naples  was  in  a  state  of  con- 
fusion; the  streets  were  filled  with  volcanic  ash  almost  knee-deep, 
and  it  was  with  great  difficulty  that  a  conveyance  could  be  secured 
to  drive  to  Portici.  Portici  is  almost  on  a  direct  line  between  Naples 
and  Moimt  Vesuvius,  and  the  agricultural  college  was  found  to  be  in 
bad  condition;  the  gardens  were  utterly  destroyed  by  ashes,  and  the 
roof  of  the  old  building  was  deeply  covered.  The  accident  happened 
the  week  before  Easter,  and  the  majority  of  the  faculty  and  students 
had,  on  accoimt  of  the  catastrophe,  anticipated  their  Easter  vacations 
and  had  departed  for  theirhomes,  Silvestri  and  Leonardi  among  the 
rest.  Letters  were  forwarded  to  them,  however,  giving  detailed 
suggestions  as  to  methods  of  packing  and  shipment  of  parasites. 

As  in  1905,  Florence,  Milan,  Vienna,  Budapest,  Dresden,  Tharandt, 
and  Zurich  were  visited.  Efforts  were  made  to  learn  of  locaUties 
where  either  the  gipsy  moth  or  the  brown-tail  moth  might  reasonably 
be  expected  to  be  abundant  during  the  summer  of  1906,  and  a  number 
of  such  locahties  were  learned  and  the  information  given  to  agents. 
All  of  the  agents  and  correspondents  were  given  full  instructions 
regarding  the  work  for  the  summer  of  1906  and  the  winter  of  1907. 
The  experience  of  1905  with  regard  to  the  best  methods  of  packing 
and  shipment  and  the  best  kinds  of  boxes  used  was  related  to  all, 
and  these  points  were  fully  discussed,  with  the  result  that  the 
material  received  during  the  sunmier  of  1906  was  not  only  greater 
in  quantity  but  better  in  condition  than  that  received  during  the 
previous  sunmier. 

In  Vienna  the  visitor  had  the  good  fortune  to  find  Dr.  Gustav 
Mayr,  whom  he  had  missed  in  the  summer  of  1905.  Dr.  Mayr  (since 
deceased)  was  the  European  authority  on  several  of  the  groups  of 
parasites  most  intimately  connected  with  the  work  in  hand,  and  the 
writer  had  a  long  consultation  with  him  concerning  the  systematic 
position  of  some  of  the  forms  already  imported  and  concerning  the 
practical  possibifities  of  the  whole  series  of  Microhymenoptera. 
Through  him  was  learned  the  probable  importance  of  certain  egg 
parasites  of  the  brown-tail  moth,  which  he  himself  had  reared  in 
Europe  and  had  described.  As  a  result  of  this  information  the 
agents  visited  later  were  instructed  to  send  over  egg  masses  of  the 
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brown-tail  moth  to  Massachusetts  m  midsummer,  and  later  to  send 
over  egg  masses  of  the  gipsy  moth.  From  the  brown-tail  moth  egg 
masses  parasites  were  reared  by  Mr.  Titus  at  North  Saugus  and 
were  observed  to  oviposit  in  native  eggs.  Mr.  Titus  reared  not 
only  the  species  referred  to  by  Dr.  Mayr,  namely,  TeleTwmus  phalx- 
narum  Nees,  which  came  from  eggs  forwarded  by  Miss  Ruhl  and 
collected  in  Croatia,  but  he  also  reared  an  interesting  parasite  of  the 
genus  Trichogramma  from  e^g  masses  received  from  Wurtemberg, 
Dalmatia,  and  Rhenish  Prussia. 

At  Budapest  the  visitor  was  especially  glad  to  be  able  to  annoimce 
to  Prof.  Jablonowski  the  success  of  the  rearings  of  parasites  from  the 
winter  nests  of  the  brown-tail  moth,  so  many  of  which  had  been 
brought  over  from  Europe  the  previous  winter  on  the  basis  of  Jablo- 
nowski's  unpublished  observations.  At  the  time  of  this  visit  Prof. 
Jablonowski  was  too  busy  completing  his  important  work  upon  the 
migratory  grasshoppers  invading  Hungary  to  be  able  to  promise 
much  assistance  beyond  that  of  corresponding  with  foresters  and 
other  persons  well  located  in  Hungary  in  order  to  obtain  information 
as  to  good  places  to  secure  material. 

Returning  to  America  about  the  end  of  May,  the  laboratory  at 
North  Saugus  was  again  visited,  with  Mr.  Kirkland  and  Mr.  Titus, 
and  the  work  of  preparing  indoor  cages  and  field  cages  was  pushed. 
In  the  course  of  the  summer  a  number  of  outdoor  houses  were  con- 
structed, and  in  these  houses  it  was  hoped  to  study  the  breeding 
habits  of  the  imported  insects. 

During  the  summer  the  number  of  shipments  received  from  Europe 
was  so  large  that  Mr.  Kirkland  made  no  attempt  to  list  them  in  his 
Second  Annual  Report  published  January  1,  1907.  In  June,  in  ad- 
dition to  egg  masses  previously  mentioned,  larvae  and  pupsB  of  both  the 
gipsy  moth  and  the  brown-tail  moth  were  received  in  number  from 
many  different  European  locaHties,  and  from  these  a  large  number 
of  parasites  of  several  different  species  were  reared,  the  most  abimd- 
ant  having  been  tachina  flies.  In  one  lot  received  from  Holland  more 
tachinids  were  reared  than  there  were  gipsy  moth  caterpillars  orig- 
inally. Nearly  40,000  gipsy-motlx  larvae  and  pupae  were  received 
and  more  than  35,000  brown-tail  moth  larvae  and  pupae.  The  receipt 
of  predatory  beetles  is  recorded  in  a  previous  paragraph. 

It  will  be  noticed  that  in  the  work  conducted  so  far  the  effort  to 
import  parasites  was  confined  to  the  continent  of  Europe  west  of 
Russia,  whereas  the  well-known  occurrence  at  intervals  in  large 
numbers  of  the  gipsy  moth  in  parts  of  Russia,  and  especially  in 
southern  Russia  (a  very  good  account  of  which  will  be  found  in  the 
Third  Report  on  the  Gipsy  Moth,  by  Forbush  and  Femald),  seemed 
to  render  it  desirable  that  search  should  be  made  in  those  regions 
for  parasites.     The   fact,   however,   that   during  these  two  years 
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the  writer  had  been  unable  to  secure  answers  to  letters  addressed 
to  correspondents  in  Russia  and  the  reported  unsettled  condition 
of  affairs  in  that  country  deterred  him  during  the  1905  and  1906 
trips  from  visiting  the  Russian  southern  Provinces.  In  the  late 
summer  of  1906,  however,  advices  were  received  from  Prof.  J.  Por- 
chinsky,  of  the  ministry  of  agriculture  at  St.  Petersburg,  with  the 
information  that  in  the  southern  part  of  Russia  both  the  gipsy  moth 
and  the  brown-tail  moth  were  at  that  time  occurring  in  sufficiently 
great  numbers  to  enable  the  collection  of  parasites  and  commending 
the  writer  to  certain  officials,  trained  entomologists,  in  Simferopol 
(Crimea),  Kishenef  (Bessarabia),  and  Kief.  Prof.  Porchinsky  wrote 
that  he  had  apprised  these  officials  of  the  intended  visit,  and  plans 
were  therefore  made  to  include  southern  Russia  in  the  itinerary  for 
the  spring  of  1907. 

During  the  autumn  of  1906  egg  masses  of  the  gipsy  moth  con- 
tmued  to  be  received  from  parts  of  Europe,  and  during  the  winter 
hibernating  nests  of  the  brown-tail  moth  were  sent  in.  More  than 
111,000  nests  were  received  from  different  portions  of  the  European 
range  of  the  species.  These  were  placed  in  the  especiaUy  constructed 
cages,  and  from  many  of  them  large  numbers  of  parasites  were 
reared,  issuing  mainly  during  the  month  of  May,  1907.  As  it  hap- 
pened, the  month  of  May  in  New  England,  as  well  as  in  other  parts 
of  the  United  States,  was  phenomenaUy  cold  and  wet.  As  a  result 
of  this  unlooked-for  condition  very  many  of  the  parasites  refused 
to  leave  the  nests  until  they  were  so  weakened  as  to  be  unable  to 
survive  the  close  confinement  and  careful  scrutiny  to  which  they 
were  necessarily  subjected  in  order  to  eliminate  the  danger  of  intro- 
ducing secondary  parasites.  As  a  result,  a  smaller  number  of  Ptero- 
tnalus  egregius  was  colonized  in  the  summer  of  1906,  but  40,000  speci- 
mens were  put  out  in  several  localities,  the  principal  colonies  consist- 
mg,  respectively,  of  13,000,  11,000,  and  7,000  individuals.  At  this 
time,  as  well  as  in  the  summer  of  1906,  although  this  fact  has  not  as 
yet  been  stated,  a  number  of  important  parasites  of  the  genus  Mono- 
dontomerus  issued  from  the  winter  nests  and  were  allowed  to  escape. 
As  will  be  shown  subsequently,  this  parasite  has  proved  to  be  more 
important  than  the  Pteromalus  and  has  made  a  phenomenal  spread. 

In  this  important  work  with  the  introduced  hibernation  nests 
of  the  brown-tail  moth  it  was  early  found  most  difficult  to  preserve 
the  health  of  the  laboratory  assistants.  The  irritating  and  poisonous 
hairs  of  the  brown-tail  moth  larvae,  of  which  the  nests  are  full,  soon 
penetrated  the  skin  of  the  assistants  handling  them,  entered  their 
eyes  and  throats,  and  the  atmosphere  of  the  laboratory  became 
almost  filled  with  them.  It  was  necessary  that  the  rooms  should 
be  kept  thoroughly  closed;  double  windows  and  screens  were  used, 
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and  the  doors  of  the  rooms  were  doubled,  m  order  that  a  possible 
secondary  parasite,  if  accidentally  liberated,  should  have  no  chance 
of  escape.  This  made  the  rooms  very  warm  and  increased  the 
irritating  effect  of  the  larval  hairs.  Some  of  the  assistants  employed 
could  not  stand  the  work  and  resigned.  One  of  the  best  and  most 
experienced  helpers  was  induced  to  continue  the  second  year  only 
upon  the  promise  that  he  would  be  reUeved  from  this  especial  class  of 
work.  Spectacles,  gloves,  masks,  and  even  headpieces  were  invented 
to  avoid  this  difficulty,  but  these,  while  greatly  increasing  the  suffer- 
ing from  the  heat,  were  not  entirely  effective.  The  most  serious 
result  of  this  trouble  was  the  breaking  down  in  health  of  Mr.  E.  S.  G. 
Titus  of  the  bureau,  in  charge  of  the  laboratory  at  Saugus,  who  was 
obliged  to  resign  in  May,  1907,  on  his  physician's  advice,  in  order 
to  save  his  life.  The  difficulty  in  Mr.  Titus's  case  was  the  intense 
irritation  to  his  lungs  from  the  entrance  of  the  barbed  hairs.  Mr. 
Titus  was  soon  after  appointed  entomologist  of  the  Utah  Agricul- 
tural Experiment  Station,  and  the  change  of  work  and  climate 
fortunately  brought  about  a  speedy  recovery.  His  necessitated 
departure  in  the  midst  of  important  work,  however,  threw  us  into 
what  appeared  to  be  a  serious  dilemma,  but  fortunately  it  so  hap- 
pened that  the  services  of  the  junior  author,  then  occupying  another 
position  in  the  Bureau  of  Entomology  in  Washington,  could  be 
spared  from  the  other  work  upon  which  he  had  been  engaged,  and, 
since  he  had  made  especial  studies  of  the  parasitic  Hymenoptera 
and  had  done  a  large  amount  of  rearing  of  parasites  in  the  course  of  his 
other  work,  he  was  sent  on  from  Washington  to  replace  Mr.  Titus 
in  the  parasite  laboratory  and  has  since  had  charge  of  the  laboratory. 
One  of  the  early  points  to  which  the  junior  author  devoted  his 
attention  was  the  invention  of  new  methods  of  handling  the  brown- 
tail  nests  in  order  to  avoid  the  serious  effect  upon  the  work  of  the 
breaking  out  of  the  rash  on  himself  and  his  assistants.  He  soon 
devised  an  apparatus  like  the  ordinary  show  cases  that  are  seen  in 
shops,  the  glass  on  one  side  being  replaced  by  cloth  with  armlioles, 
through  which  the  gloved  hands  of  the  worker  could  be  thrust  and 
the  brown-tail  nests  handled  in  full  sight  through  the  top  glass. 
Most  of  the  work  with  these  nests,  it  has  been  found,  can  be  done  in 
these  cases  with  a  minimum  escape  of  the  barbed  hairs.  There  still 
continued,  however,  considerable  trouble  from  the  rash,  since  much 
rearing  of  brown-tail  larvae  must  be  carried  on  under  conditions  in 
which  such  cases  can  not  be  used,  and  this  difficulty  still  exists. 
Miss  Rtihl,  of  Zurich,  in  handUng  and  repacking  the  large  number  of 
nests  sent  to  her  by  her  European  correspondents  and  forwarded  by 
her  to  Boston,  has  been  a  great  sufferer  from  the  rash.  She  has  made 
for  herself  a  complete  costume  of  aft  especially  finely  woven  cloth, 
and  has  made  a  large  light  helmet  covered  with  cloth  and  provided 
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with  a  cape,  the  space  opposite  the  eyes  being  fitted  with  a  sheet  of 
very  transparent  celluloid.  Of  course  this  costume  would  be  very 
uncomfortable  in  the  summer  time  on  account  of  the  heat,  but  since 
she  handles  her  nests  for  the  most  part  in  the  autumn  and  winter, 
she  has  been  able  to  reduce  the  discomfort  of  the  brown-tail  rash  to 
a  minimum. 

Sailing  again  for  Europe  on  April  20,  1907,  the  senior  author  landed 
at  Cherbourg  and  proceeded  directly  to  Paris,  and  from  Paris  to 
Budapest  by  the  Oriental  Express.  At  Budapest,  by  prearrange- 
ment,  he  met  Mr.  Alexander  Pichler,  whom  he  had  engaged  as  a 
guide  and  courier  for  the  Russian  trip.  After  a  conference  at  Buda- 
pest with  Dr.  Horvath  and  Prof.  Mocsary,  of  the  Natural  History 
Museum,  and  Prof.  Jablonowski,  of  the  agricultural  station,  he  pro- 
ceed to  Kief,  via  Lemburg.  Prof.  Porchinsky,  of  tlie  ministry  of 
agriculture,  had  arranged  with  Prof.  Waldemar  Pospielow,  of  the 
University  of  Kief,  to  consult  with  the  Chief  of  the  Bureau  of  Ento- 
mology about  future  arrangements,  and  a  conference  with  Prof. 
Pospielow  was  held,  in  the  course  of  which  it  was  agreed  that  one  of 
Pospielow's  assistants,  engaged  especially  for  the  purpose,  at  34 
rubles  per  month,  should  occupy  himself  throughout  tlie  summer, 
under  Pospielow^s  directions,  in  collecting  larva3  of  the  gipsy  moth 
and  brown- tail  moth,  forwarding  material  to  Boston,  rearing  and 
studying  the  parasites,  and  conducting  observations  in  an  orchard 
in  the  suburbs  of  Kief,  rented  by  the  writer  for  the  State  of  Massa- 
chusetts for  the  summer  at  the  rate  of  20  rubles  per  month.  This 
procedure  was  novel  in  the  work,  but  was  later  tried  in  another 
locality,  as  will  be  shown  in  subsequent  pages. 

From  Kief,  Pichler  and  the  visitor  proceeded  to  Odessa  and  from 
Odessa  to  Kishenef,  at  which  point  he  had  been  recommended  to  Dr. 
Isaak  Krassilstschik  by  Prof.  Porchinsky.  Through  some  mis- 
understanding as  to  dates,  owing  to  the  difference  between  tlie 
Russian  calendar  and  the  one  in  use  in  other  parts  of  tlie  world,  Prof. 
Krassilstschik  had  mistaken  the  date  of  arrival  announced  in  the 
letter  sent  in  advance,  and  was  absent  from  Kishenef  on  a  brief  visit 
to  Germany.  Full  written  instructions,  however,  were  left  for  him 
at  Kishenef,  and  the  visitor  returned  to  Odessa  and  thence  by  boat 
to  Sebastopol,  and  by  train  to  Simferopol.  At  Simferopol  he  was 
expected  by  Prof.  Sigismond  Mokshetsky,  the  director  of  the  Museum 
of  Natural  History  at  that  place  and  an  enthusiastic  economic  ento- 
mologist, through  whose  efforts  American  methods  in  tlie  warfare 
against  insects  had  been  introduced  into  southern  Russia.  Prof. 
Mokshetsky  had  done  some  rearing  of  the  Russian  parasites  of  both 
the  gipsy  moth  and  the  brown-tail  moth,  and  was  able  to  furnish 
much  valuable  information.  His  hospitality  and  cordiality  were  of 
the  most  encoiu'aging  nature,  and  after  consultation  as  to  the  best 
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methods,  he  promised  his  hearty  support  to  the  work,  refusing,  how- 
ever, to  accept  any  compensation  from  the  State  of  Massachusetts  or 
from  the  United  States  Government. 

The  visitor  then  proceeded  by  boat  from  Sebastopol  to  Con- 
stantinople, but  was  unable  to  learn  of  any  person  in  Turkey  having 
any  information  on  the  subject  of  insect  pests,  nor  was  he  able  in  the 
country  about  Constantinople  to  find  any  indication  of  the  occurrence 
of  either  gipsy  moth  or  brown-tail  motli. 

Leaving  Constantinople,  the  expedition  proceeded  to  Vienna,  drop- 
piog  Mr.  Pichler  at  Budapest.  At  Vienna  the  Seventh  International 
Congress  of  Agriculture  was  held,  beginning  May  22,  1907.  The 
visitor  met  there  a  number  of  delegates  from  the  different  countries 
in  Europe,  with  whom  he  discussed  the  question  of  parasite  importa- 
tion, receiving  warm  assurances  of  support,  especially  from  Prof.  Dr. 
Max  Hollrung,  of  the  Agricultural  Department  of  the  University  of 
Halle,  Prof.  Dr.  Karl  Eckstein,  of  the  Forest  Academy  at  Ebers- 
walde,  and  Prof.  Dr.  J.  Ritzema  Bos,  director  of  the  Phytopatho- 
logical  Station  at  Wageningen,  Holland.  While  in  Vienna  arrange- 
ments were  made  with  Mr.  Fritz  Wagner  for  continuance  of  the 
work,  and  a  further  consultation  on  the  subject  of  parasites  was  held 
with  Dr.  Gustav  Mayr. 

After  Vienna,  Mr.  Schopfer  was  visited  in  Dresden,  Dr.  Hollrung 
at  Halle,  Dr.  R.  Heymons  in  Berlin,  Dr.  Eckstein  in  Eberswalde, 
Miss  Ruhl  at  Zurich,  and  Prof.  G.  Severin  at  Brussels.  Prof.  Severin 
is  connected  with  the  Royal  Natural  History  Museum  at  Brussels, 
is  an  admirably  well-posted  entomologist,  and  is  connected  with  the 
Forest  Conservation  Commission  of  Belgium.  He  was  able  to  give 
good  advice  in  the  parasite  work  and  promised  assistance. 

Returning  to  France,  an  important  conference  was  held  with  Mr. 
Rene  Oberthtir,  and  it  was  arranged  to  estabUsh  during  the  summer 
of  1908  a  field  station  at  Rennes,  to  be  placed  in  charge  of  a  special 
expert,  Mr.  A.  Vuiilet,  chosen  by  Prof.  Houlbert,  of  the  University 
of  Rennes.  Through  Mr.  Oberthiir's  courtesy  it  was  arranged  to 
establisli  field  rearing  cages  at  a  convenient  point  near  the  University 
of  Rennes  and  to  carry  on  the  work  iu  much  the  same  way  as  it  had 
been  arranged  for  the  present  summer  at  Kief.  The  University  of 
Rennes  having  a  certain  connection  with  the  University  of  Paris,  it 
was  considered  desirable  that  the  cooi)eration  of  the  scientific  faculty 
of  the  University  of  Paris  be  gained  by  direct  application.  This  was 
readily  arranged,  through  tlie  cordial  and  sympathetijc  cooperation 
of  Prof.  Alfred  Giard,  of  the  faculty  of  science  of  the  University  of 
Paris  (since  deceased). 

In  dealing  with  the  European  parasites  reared  at  North  Saugus, 
considerable  difficulty  was  experienced  In  ascertaining  their  names. 
It  was  very  desirable,  of  course,  to  have  a  definite  name  by  which  to 
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designate  each  species,  and  by  which  to  correlate  it  with  pubUshed 
accounts  of  observations  already  made.     With  the  assistance  of  Dr. 
O.  Schmiedeknecht,  of  Cassel,  Germany,  a  number  of  these  forms  had 
been  named,  but  with  others  it  seemed  practically  impossible  to  bring 
this  about  by  correspondence.     As  a  result,  on  the  trip  in  question 
tJie  writer  made  an  effort,  by  studying  the  collections  in  some  of  the 
principal  European  museums,  to  determine  a  few  of  the  imnamed 
forms  reared  in  America  from  European  material.     The  difficulty  of 
this  search  was  siu*prising.     The  Pteromalus,  for  example,  which  had 
been  reared  in  Boston  by  scores  of  thousands  and  which,  there- 
fore, must  be  a  very  common  European  insect,  was  found  to  be 
absolutely  imrepresented  in  the  lai^e  natural  history  museums  of 
Vienna,  Dresden,  Berlin,  Brussels,  and  London;  nor  did  it  occur  in 
the  type  collections  of  Ratzeburg  carefully  preserved  by  Dr.  Eck- 
stein at  the  Forest  Academy  at  Eberswalde,  where,  on  account  of 
Ratzeburg's  important  work  on  the  parasites  of  European  forest 
insects,  one  would  naturally  expect  to  find  it.     At  last,  in  a  small 
special  collection  in  the  Museum  of  Natural  History  in  the  Jardin 
des  Plantes  at  Paris,  Air.  H.  du  Buysson  of  the  museum  found  in  the 
laboratory  a  box  containing  parasites  reared  many  years  ago  by  the 
French  entomologist,  Sichel,  which  had  been  named  for  him  by  the 
eminent  authority  on  parasitic  Hymenoptera,  Arnold  Forster,  of 
Germany,     hi  this  box  were  specimens  of  the  Pteromalus  labeled 
^^Pi.  egregius^^  in  the  handwriting  of  Forster  himself. 

Especial  efforts  were  made  on  the  trip  to  arrange  for  the  importa- 
tion of  large  nimibers  of  the  egg  parasites  of  both  species  and  to 
introduce  in  hving  condition  the  important  parasites  of  the  genus 
Apanteles,  which,  according  to  the  visitor's  field  observations,  are 
axnong  the  most  important  of  the  European  enemies  of  the  gipsy 
moth.  Previous  importations  of  these  parasites  had  failed,  owing 
to  the  fact  that  they  emerged  and  died  on  the  journey.  On  this 
trip,  however,  specific  directions  were  given  to  agents  to  send  in 
young  larvae  of  the  second  stage,  and  by  this  means  living  specimens 
in  considerable  numbers  were  later  reared  in  tlie  laboratory  at  North 
Saugus.  These  on  issuing  laid  their  eggs  in  the  gipsy-moth  larvae 
of  the  first  stage,  and  from  these  caterpillars  were  secured  the 
cocoons  of  adults  of  a  second  generation  which  was  reared  through 
all  of  its  stages  on  American  soil. 

From  Kief  there  were  received  two  species  hitherto  unknown  as 
parasites  of  the  gipsy  moth,  and  one  of  these,  being  a  rapid  breeder, 
promised  to  be  of  much  assistance.  This  species,  belonging  to  the 
genus  Meteorus,  seemed  to  produce  cocoons  in  about  10  days  after 
egg  laying,  and  will  be  considered  later  in  tliis  bulletin. 

We  have  previously  referred  to  the  destruction  in  1906  of  the 
great  bulk  of  brown-tail  caterpillars  imported  from  Europe  after  the 
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early  appearance  of  adult  parasites.  Mr.  Titus,  in  1906,  tried  the 
experiment  of  rearing  a  very  few  of  these  imported  larvae,  and  found 
that  in  their  later  growth  they  gave  out  a  second  lot  of  parasites 
entirely  different  from  those  reared  in  May  from  the  very  young 
hibernating  larvae,  indicating  a  delayed  development  of  eggs  which 
must  have  been  laid  by  adult  parasites  the  previous  autumn.  Among 
these  were  at  least  two  species,  one  belonging  to  the  genus  Apanteles 
and  the  other  a  Meteorus.  Before  his  resignation  in  1907  he  started 
an  extensive  series  of  rearing  experiments  with  the  end  in  view  of 
securing  these  parasites  in  large  numbers.  Partly  on  account  of  his 
enforced  absence  from  the  laboratory  during  a  critical  period,  and 
partly  through  the  unsuitable  character  of  the  rearing  cages  which 
were  employed,  the  project  did  not  meet  with  entire  success.  Only 
about  1,000  of  the  parasites  were  reared,  of  which  all  but  a  small 
percentage  were  the  Apanteles. 

The  importations  of  the  summer  following  the  trip  above  described 
were  very  large,  and  reasonably  successful,  and  during  June  alone 
872  boxes  were  received,  many  others  following  during  July  and  into 
August,  shipments  of  brown-taU  eggs  and  gipsy-moth  eggs  following, 
and  of  brown-tail  winter  nests  in  the  late  autumn  and  during  the 
winter.  As  in  1906,  tachinids  made  up  the  great  bidk  of  the  para- 
sites secured  through  the  importation  of  pupae  and  active  caterpillars. 
Notwithstanding  the  improvement  in  methods  of  shipment  over 
previous  years,  Apanteles  invariably  hatched  en  route,  and  only  dead 
adults  or  secondary  parasites  were  received. 

Before  the  close  of  the  summer  it  had  become  obvious  that  better 
quarters  for  the  Massachusetts  laboratory  were  necessary.  The 
heating  and  lighting  arrangements  at  North  Saugus  were  insuffi- 
cient; the  building  was  not  sufficiently  commodious,  and  the  location 
was  not  convenient.  Therefore,  after  considerable  search,  Mr. 
Karkland  found  and  leased  for  a  term  of  years  a  commodious  house 
at  Melrose  Highlands  (No.  17  East  Higliland  Avenue)  (see  PI.  II, 
fig.  2,  p.  56.)  The  building  was  remodeled  so  far  as  necessary  to  fit 
it  for  the  work.  The  grounds  back  of  the  house  were  sufficiently 
ample  to  enable  the  building  of  several  outdoor  laboratories,  properly 
screened  and  ventilated,  which  were  planned  and  erected  under  the 
direction  of  the  junior  author.  The  building  is  well  warmed,  Ughted 
with  electricity,  and,  being  close  to  fire  protection,  possesses  many 
advantages  over  the  old  laboratory.  Moreover,  it  is  much  nearer 
the  central  office  in  Boston,  enabling  an  important  saving  of  time  in 
sending  to  the  laboratory  shipments  of  parasites  received  from  abroad. 
The  rental  and  the  expense  of  construction  were  all  borne  by  the 
State  of  Massachusetts.  The  new  quarters  are  also  within  a  stone's 
throw  of  a  large  area  of  waste  land  covered  with  scrub  oak. 
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In  planning  the  work  for  the  season  of  1908,  several  new  features 
were  mtroduced.  The  parasites  constantly  sent  over  by  agents 
belong  to  three  main  groups,  namely,  those  of  the  order  Hymenop- 
tera,  including  the  ichneumon  flies,  the  chalcis  flies,  and  others; 
those  of  the  Diptera,  including  the  tachina  flies,  and  those  of  the 
order  Coleoptera,  including  the  predaceous  groimd  beetles.  The 
amount  of  material  received  had  been  so  great,  and  the  character  of 
the  diflFerent  life  histories  of  the  insects  involved  had  been  so  diverse, 
that  no  one  expert  was  able  to  do  the  fullest  justice  to  the  situation. 
Therefore,  while  the  junior  author  was  left  in  general  charge  of  the 
whole  mass  of  importations  and  retained  his  expert  supervision  of 
the  work  on  the  biology  of  the  parasitic  Hymenoptera,  Mr.  C.  H.  T. 
Townsend,  of  the  Bureau  of  Entomology,  was  assigned  to  the  work 
on  the  biology  of  the  dipterous  parasites,  and  Mr.  A.  F.  Bui^ess,  also 
of  the  Bureau  of  Entomology,  was  assigned  to  the  expert  charge  of 
the  ground  beetles. 

Owing  to  the  fact  that  the  condition  of  European  sendings  by  mail 
and  express  during  the  summer  of  1907  had  been  by  no  means  uni- 
fomdy  good — those  from  eastern  Europe,  subjected  to  long  railway 
journeys  in  addition  to  the  sea  voyage,  frequently  arriving  in  bad 
condition — the  second  innovation  was  made  by  establishing  at 
Rennes,  France,  a  general  laboratory  depot  in  addition  to  the  field 
cages  and  rearing  station  mentioned  in  a  previous  paragraph.  The 
expert  assistant  designated  by  Prof.  Houlbert,  of  the  University  of 
Rennes,  was  Mr.  A.  Vmllet,  who  was  placed  in  specific  charge  of  the 
general  laboratory  depot  under  the  general  supervision  of  Mr.  Rene 
Oberthiir.  Mr.  VuiUet  placed  himself  in  relations  with  the  steamship 
company  agents  at  Cherbourg  and  Havre  and  was  kept  informed  as 
to  the  dates  of  the  sailings  of  steamers.  Nearly  all  of  the  European 
sendings  were  shipped  to  Rennes,  examined,  repacked,  and  carried 
personally  by  Mr.  Vuillet  to  Cherbourg  or  Havre  on  the  known  days 
of  sailing  of  certain  steamers  and  then  placed  in  the  hands  of  chief 
stewards  of  the  vessels  and  carried  in  the  cold  rooms  to  New  York, 
whence  they  were  sent  to  Boston.  Early  in  the  course  of  the  work 
the  honorable  the  Secretary  of  the  Treasury,  upon  request  of  the 
honorable  the  Secretary  of  Agriculture,  had  issued  orders  to  the  col- 
lector of  the  port  of  New  York  to  admit  all  such  packages  without 
examination  and  to  hasten  their  departure  for  Boston  through  the 
United  States  dispatch  agent.  The  steamsliip  officials  showed  them- 
selves uniformly  courteous,  and  as  a  result  of  this  new  arrangement 
the  average  condition  of  the  material  received  proved  to  be  much 
better. 

With  the  installation  of  the  new  laboratory  at  Melrose  Highlands, 
and  with  the  added  space  afforded  by  the  new  structures  in  the  gar- 
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den,  the  junior  author  was  able  to  carry  out  some  new  ideas  with 
admirable  residts.  The  first  of  these  was  the  carrying  on  of  active 
winter  work  with  parasites,  especially  those  secured  from  the  imported 
nests  of  the  brown-tail  moth,  which  began  to  come  in  from  Europe 
in  December.  It  was  foimd  quite  possible  to  rear  these  parasites 
in  artificially  heated  rooms,  feeding  them  upon  hibernating  native 
brown-tail  larvae  brought  in  in  their  nests  from  out  of  doors,  feeding 
the  latter  upon  lettuce  and  other  hothouse  foliage,  and  in  the  early 
spring  securing  more  normal  food  for  them  by  sending  it  up  in  boxes 
by  mail  from  Washington  and  points  south.  In  this  way  the  rear- 
ing of  the  parasites  of  the  genus  Pteromalus  was  carried  forward 
uninterruptedly  throughout  the  winter,  and,  as  during  the  rearing  of 
successive  generations  they  multipUed  exceedingly,  it  was  possible 
later  in  the  year  to  liberate  a  vastly  greater  number  of  individuals 
than  had  .the  imported  species  been  allowed  to  hibernate  normally  in 
the  nests.  In  the  course  of  this  work  the  junior  author  invented  a 
rearing  tray  which  was  of  the  utmost  advantage  and  which  has  since 
greatly  facilitated  parasite  rearing  work.  This  tray  will  be  described 
later. 

With  the  importation  of  brown-tail  moth  eggs  it  often  happened 
that  they  hatched  too  soon  to  be  of  use  in  America;  or  too  late, 
arriving  after  the  American  eggs  had  all  hatched.  It  was  ascertained 
by  the  jimior  author  during  the  summer  and  aatunm  that  native  eggs 
can  be  kept  in  cold  storage  until  the  arrival  of  the  European  e^ 
parasites,  which  were  found  to  lay  their  eggs  and  breed  in  these  cold- 
storage  eggs  as  freely  as  in  those  which  they  attack  in  the  state  of 
nature.  It  was  found  that  this  process  can  be  carried  on  for  a  long 
time,  and  that  successive  generations  of  these  egg  parasites  may  be 
reared  from  eggs  retarded  in  their  development  by  cold  storage.  It 
was  thus  shown  that  it  is  easy  to  rear  and  liberate  an  almost 
infinitely  greater  number  of  these  egg  parasites,  and  under  favorable 
conditions,  than  would  have  been  possible  from  a  simple  importation 
of  European  parasitized  eggs  which  would  have  to  arrive  in  America 
at  a  specific  time. 

In  the  same  way  great  advance  was  made  in  the  rearing  of  the 
tachinid  parasites  in  Mr.  Townsend's  charge.  This  expert  devised 
methods  and  made  observations  that  greatly  added  to  our  knowledge 
of  the  biology  of  these  insects  and  resulted  in  the  accumulation  of  a 
store  of  information  of  the  greatest  practical  value,  not  only  in  the 
prosecution  of  the  present  undertaking  but  in  any  problem  of  parasite 
introduction  or  control  that  may  arise  later.  Extraordinary  and 
almost  revolutionary  discoveries  were  made  in  the  life  histories  of 
certain  of  these  flies,  and  without  this  knowledge  the  greatest  success 
in  handling  them  practically  could  not  have  been  reached.  Certain 
of  these  facts  regarding  the  most  important  of  these  parasites  are 
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related  in  a  later  part  of  this  bulletin,  and  many  of  them  have  been 
described  in  some  detail  in  Technical  Series  No.  12,  Part  VI,  Bureau 
of  Entomology,  United  States  Department  of  Agriculture  (1908), 
by  Mr.  Townsend. 

Similarly  Mr.  Burgess,  in  charge  of  the  Coleoptera,  succeeded  in 
a  very  perfect  way  in  rearing  and  liberating  the  important  European 
predatory  beetle,  Calosoma  sycophanta,  as  well  as  some  other  insects 
of  the  family  Carabidae. 

While  these  extensive  importations  from  Europe  were  going  on, 
Japan  had  by  no  means  been  lost  sight  of.  While  it  seemed  probable 
that  the  European  parasites  in  themselves  would  succeed  in  reestab- 
lishing the  balance  of  nature  in  New  England,  and  in  spite  of  the 
somewhat  dangerous  nature  of  Japanese  importations  on  the  ground 
that  the  Japanese  gipsy  moth  is  probably  a  different  species  and 
might  prove  in  New  England  even  more  voracious  and  destructive 
than  the  European  moth,  there  was  at  no  time  any  intention  to  neglect 
Japan  in  the  search  for  effective  parasites.  Continuous  correspond- 
ence had  been  carried  on  with  Japanese  entomologists,  and  some 
shipments  had  been  made  by  correspondents  which  resulted  unsuc- 
c^sfuUy.  For  some  time  the  Apanteles  previously  mentioned  was 
the  only  gipsy-moth  parasite  known  to  occur  in  Japan.  Later 
information  was  received  from  Prof.  U.  Nawa,  of  Gifu,  Japan,  to  the 
effect  that  there  exists  in  Japan  an  important  egg  parasite  of  the 
gipsy  moth.  During  the  previous  annual  trips  of  the  Chief  of  the 
Bureau  of  Entomology  to  Europe  the  European  service  of  collectors, 
agents,  and  advisers  had  been  well  organized  and  instructed,  and  the 
work  during  1908  was  reasonably  sure  to  be  well  continued  without 
further  personal  consultation;  it  was  therefore  decided  to  interrupt 
the  European  trip  for  1908  and  to  send  a  skilled  agent  to  Japan.  In 
considering  the  appointment  of  such  an  agent.  Prof.  Trevor  Kincaid, 
of  the  University  of  Washington  at  Seattle,  was  at  once  suggested 
to  the  mind  of  the  writer,  primarily  on  account  of  his  extraordinary 
skill  as  a  collector,  as  indicated  in  the  remarkable  results  of  his  work 
on  the  Harriman  expedition  to  Alaska  in  1899,  and  also  on  account 
of  his  comparative  proximity  to  Japan  and  the  fact  that  he  was  per- 
sonally acquainted  with  many  persons  in  Japan.  He  was  therefore 
recommended  to  the  State  officials  of  Massachusetts  for  appointment, 
and  was  commissioned  by  the  State  to  undertake  the  expedition. 
At  the  same  time  he  was  formally  appointed  a  collaborator  of  the 
Bureau  of  Entomology  of  the  United  States  Department  of  Agricul- 
ture, and  the  Japanese  Government  was  formally  notified  by  the 
honorable  the  Secretary  of  Agriculture,  through  the  Department  of 
State,  of  the  intended  visit,  the  writer  having  also  notified  by  per- 
sonal correspondence  some  of  the  well-known  Japanese  entomologists. 
Prof.  lUncaid  sailed  from  Seattle  on  March  2,  and  the  results  of  his 
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expedition  far  more  than  justified  the  expense  involved.  A  very 
large  amount  of  parasite  material  was  received  from  him  in  good 
condition  at  Boston,  and  very  many  parasites  from  Japan  were 
colonized  in  the  woodlands  in  New  England.  Prof.  Kincaid  was 
received  with  the  most  extreme  courtesy  and  cordiality  by  the 
Japanese  jGovemment  and  by  official  and  private  entomologists 
everywhere.  His  work  was  facilitated  in  every  possible  way;  assist- 
ants were  placed  at  his  disposal  and  in  this  way  a  large  number  of 
individuals  occupied  themselves  in  the  collection  of  parasitized 
material.  After  consultation  with  the  Japanese  entomologists, 
whose  great  cleverness  in  manipulation  and  ingenuity  in  devLsing 
methods  are  well  known,  Prof.  Kincaid  was  able  to  pack  his  shipments 
in  such  a  way  as  to  bring  about  a  minimum  of  mortality  on  the  jour- 
ney. The  steamship  companies  showed  him  every  courtes}^,  and 
much  of  his  material  arrived  at  Melrose  Highlands  in  better  condition 
than  corresponding  sendings  received  from  Europe.  A  single  indi- 
cation of  the  value  of  Prof.  Kincaid's  work  may  be  mentioned:  From 
one  shipment  of  cocoons  between  40,000  and  50,000  adults  of  the 
Japanese  Apanteles  were  reared  and  were  liberated  directly  in  the 
open  in  Massachusetts,  and  this  is  the  species  which,  although 
repeatedly  sent  by  correspondents,  had  never  arrived  in  New  England 
in  such  condition  that  a  single  living  adult  could  be  reared. 

The  European  importations  in  the  meantime  continued  to  arrive 
in  numbers,  and  at  the  close  of  the  summer  it  was  found  that  the 
actual  number  of  beneficial  insects  liberated  had  been  far  in  excess 
of  that  for  1906  or  1907,  and  that  the  list  included  several  species 
of  apparently  great  importance  and  promise  that  had  never  before 
been  received  at  the  laboratory  in  living  condition. 

The  successful  European  importations  all  came  from  western 
Europe,  and  unfortunately  the  few  shipments  sent  from  Russia 
arrived  in  very  bad  condition.  This  is  considered  to  have  been  most 
unfortunate,  since  several  of  the  Russian  parasites  were  very  promis- 
ing, and  the  subject  of  improving  the  Russian  service  was  taken  into 
consideration. 

With  the  great  success  of  the  summer's  Japanese  work,  and  the 
question  of  the  great  desirability  of  similar  work  in  Russia  in  his  mind, 
the  senior  author,  visiting  the  Pacific  coast  in  the  autumn  of  that 
year  (1908)  on  a  tour  of  inspection  of  the  field  laboratories  of  the 
Bureau  of  Entomology,  called  on  Prof.  Kincaid  at  Seattle  and  dis- 
cussed with  him  at  length  the  plans  for  1909.  Although  Kincaid 
expressed  himself  as  charmed  with  Japan  and  anxious  to  repeat  his 
visit  to  that  most  interesting  country,  his  kmate  honesty  compelled 
him  to  state  that  he  considered  the  expense  of  the  trip  unnecessary; 
that  he  had  found  the  Japanese  entomologists,  officials,  and  others 
so  intelligent  and  so  thoroughly  competent,  and  at  the  same  time 
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SO  heartily  interested  in  the  experiment,  that  he  considered  them 
not  only  perfectly  able,  but  perfectly  willing  to  carry  on  the  work  by 
themselves.  After  this  authoritative  expression  of  opinion  from  one 
who  knew  the  ground  so  well,  the  visitor  asked  Mr.  "Kincaid  whether 
he  would  care  to  spend  the  early  summer  months  of  1909  in  Russia, 
and,  upon  his  affirmative  reply,  later  recommended  his  reappointment 
to  the  Massachusetts  State  authorities  for  that  purpose. 

During  the  autumn  and  winter  shipments  of  eggs  of  the  gipsy 
moth  were  received  from  Japan,  principally  from  Prof.  Kuwana. 
From  these  eggs  were  reared  numerous  specimens  of  Anastatvs  hifas- 
ciatus  Fonsc.,  a  previously  known  European  parasite  of  these  eggs, 
and  of  another  parasite  belonging  to  a  genus  and  species  new  to 
science  (since  named  by  the  senior  author  Schedius  kuvansr)  which 
has  turned  out  to  be  an  important  primary  parasite  and  which  is 
considered  in  later  pages.  During  the  winter,  also.  Prof.  Jablonowski, 
of  Budapest,  sent  over  several  thousand  egg  masses  of  the  gipsy  moth 
collected  in  various  localities  in  Hungary.  After  they  arrived  in 
Massachusetts  there  were  reared  from  them  and  liberated  under  the 
most  favorable  conditions  more  than  75,000  adult  individuals  of 
Anasiatus  hifasciatus.  This  was  a  surprising  thing  to  the  laboratory 
workers,  since  less  than  1,000  parasites  of  this  species  had  been 
received  from  all  localities,  the  earUer  ones  having  come  from  southern 
Russia  and  from  Japan. 

The  winter  of  1908-9  was  spent  at  the  laboratory,  in  additional 
rearing  operations,  some  of  them  on  a  large  scale,  and  in  studying  the 
parasites  already  reared,  and  planning  for  the  coming  summer. 

As  it  happened,  during  the  winter  the  brown-tail  moth  was  intro- 
duced into  the  United  States  upon  nursery  stock  from  France  in 
large  numbers.  Shipments  of  nursery  stock  bearing  winter  nests 
of  this  insect  were  sent  to  many  States  of  the  Union.  Fortunately 
this  was  discovered  early  in  the  winter,  and  through  prompt  action 
and  the  cooperation  of  ths  customs  officials  and  the  railroads  prob- 
ably every  sending  was  traced  to  its  ultimate  destination,  and  was 
there  inspected  and  the  nests  destroyed  either  by  State  officials  or  by 
persons  appointed  for  this  purpose  by  the  United  States  Department 
of  Agriculture. 

In  the  spring  of  1909  it  seemed  necessary  for  the  chief  of  the 
bureau  to  proceed  to  Europe  for  the  purpose  of  making  an  investi- 
gation of  the  European  methods  of  growing  nursery  stock,  with  a 
view  to  the  prevention  of  similar  introductions  in  the  future  either 
by  general  legislation  by  the  United  States  Government  or  in  some 
other  way.  On  this  trip  he  utilized  the  opportunity  to  consult 
further  with  European  agents  in  the  importation  of  the  parasites 
and  to  arrange  for  the  summer's  work. 

In  the  meantime  Prof.  Kincaid,  whose  appointment  had  been  made 
by  the  State  of  Massachusetts,  and  who  had  again  been  made  an 
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official  collaborator  of  the  Bureau  of  Entomology  of  the  United 
States  Department  of  Agriculture,  securing  leave  of  absence  from 
the  University  of  Washington,  proceeded  to  Russia,  and  stationed 
himself  in  Bessarabia  for  the  purpose  of  collecting  and  sending  para- 
sitized material  from  that  country  to  the  United  States.  It  had  been 
noticed  by  Mr.  Vuillet  at  Rennes  during  the  preceding  summer  that  all 
material  coming  from  Russia  had  been  opened  on  the  journey  and  had 
deteriorated  in  consequence.  Before  Prof.  Kincaid^s  departure  from 
America,  Russian  officials  had  been  communicated  with  through 
correspondence  between  the  chief  of  the  Bureau  of  Entomology  and 
Prof.  Porchinsky,  of  the  ministry  of  agriculture,  and  also  directly 
between  the  United  States  Department  of  State  and  the  American 
ambassador  at  St.  Petersburg  through  the  instigation  of  the  honor- 
able the  Secretary  of  Agriculture.  The  United  States  Government 
was  assured  that  the  Russian  Government  would  welcome  the  expe- 
dition and  would  facilitate  the  sending  of  material  in  every  way 
possible. 

The  chief  of  the  bureau  landed  at  Cherbourg  May  12.  He  pro- 
ceeded immediately  to  Paris,  where  a  conference  had  been  arranged 
in  advance  with  M.  Oberthtir,  M.  Vuillet,  and  Mr.  Henry  Brown,  the 
latter  an  English  entomologist  resident  in  Paris.  At  this  conference 
it  was  decided  to  abandon  the  forwarding  laboratory  at  Rennes  and 
to  station  Mr.  Vuillet,  during  the  forwarding  season,  at  Cherbourg. 
He  was  instructed  to  engage  quarters  at  that  seaport  and  to  arrange 
for  cold-storage  facilities,  with  the  intention  that  shipments  from 
France,  Switzerland,  and  Italy  should  be  forwarded  to  him  to  be 
kept  in  cold  storage  until  the  date  of  sailing  of  vessels,  and  then 
should  be  transferred  to  the  cold  room  of  the  next  steamer,  thus 
practically  keeping  all  Uving  specimens  dormant  from  the  time  of 
arrival  in  Cherbourg  until  the  time  of  arrival  in  New  York,  making 
the  exposure  to  summer  temperature  practically  only  24  hours  or  less 
in  Europe  and  24  hours  or  less  in  the  United  States.  In  the  mean- 
time Mr.  Oberthtir  was  authorized  to  arrange  for  an  extensive  service 
in  the  south  of  France,  through  Mr.  H.  Powell,  of  Hyferes,  one  of 
the  agents  for  the  year  1906.  The  preparation  of  the  requisite  boxes 
was  intrusted,  as  in  previous  years,  to  the  superintendence  of  Mr. 
Oberthur,  and  Mr.  Powell  was  authorized  to  engage  as  many  col- 
lectors as  the  material  would  seem  to  need,  with  full  instructions  as 
to  packing  and  shipping  to  Cherbourg. 

The  visitor  then  proceeded  to  Wageningen,  Holland,  where  he 
arranged  for  further  assistance  from  Prof.  Dr.  J.  Ritzema  Bos.  From 
there  he  went  to  Hamburg,  where  he  arranged  with  the  American 
Express  Co.  to  care  for  shipments  coming  from  Germany,  Russia, 
and  Austria-Hungary,  arrangements  being  made  to  keep  the  material 
on  ice  until  the  next  steamer  should  sail,  and  in  case  of  the  breakage 
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Plate  III. 


Fig.  1.— Roadside  Oak  in  Brittany,  with  Leaves  Ragged  by  Gipsy-Moth  Cater- 
pillars.   (L.  O.  Howard,  June,  1909.)   (Original.) 


Fig.  2.-M.  Rene  Oberthur  (in  Center).  Dr.  Paul  Marchal  (at  Right),  with  Road- 
side Oaks  (Behind)  Ragged  by  Gipsy-Moth  Caterpillars.  (L.  O.  Howard,  j^ne 
1909.)    (Original.)  ' 
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Plate  IV. 


Fig.  1  .—Caterpillar  Hunters  in  the  South  of  France,  Under  M.  Dillon,  1909. 

(Original.) 


Fig.  2.— Packing  Parasitized  Caterpillars  at  HvfeRES,  France,  for  Shipment  to 
THE  United  States,  1909.    (Original.) 
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or  other  bad  condition  of  packages  arrangements  were  made  with 
Dr.  L.  Reh,  of  the  Htambui^  Museum,  to  act  as  expert  adviser  of  the 
express  company. 

From  Hamburg  he  proceeded  to  Berlin  for  a  short  consultation 
with  Dr.  R.  Heymons,  and  thence  to  St.  Petersburg.  At  St.  Peters- 
'burg  he  was  assured  by  Mr.  Montgomery  Schuyler,  the  secretary  of 
the  embassy,  that  all  arrangements  had  been  made  with  the  Russian 
Government,  and  the  same  assurance  was  given  by  Prof.  Porchinsky. 
The  Russian  officials  insisted  that  none  of  the  1908  packages  going 
out  of  Russia  had  been  opened  by  the  Russian  postal  authorities,  and 
stated  that  in  their  opinion  the  opening  must  have  been  done  at  the 
German  frontier  by  German  officials.  A  strong  letter  was  then  writ- 
ten to  the  Hon.  David  J.  Hill,  United  States  ambassador  to  Germany, 
reciting  the  facts,  dwelling  upon  the  importance  to  America  of  these 
importations,  and  urging  him  to  secure  from  the  German  Govern- 
ment orders  to  pKJstal  officials  to  pass  without  opening  boxes  of  these 
parasites  addressed  to  the  American  Express  Co.  iu  Hamburg.  Later, 
in  Dresden,  a  reply  was  received  from  Ambassador  Hill,  stating  that 
the  German  Grovemment  consented  to  issue  the  necessary  instruc- 
tions, but  still  later,  in  Paris,  an  additional  conmiunication  from  the 
ambassador  requested  detailed  information  as  to  the  points  on  the 
German  frontier  where  these  sendings  would  enter  the  Empire.  By 
telegraphic  conmaunication  with  Prof.  Kincaid,  in  southern  Russia, 
and  the  Austrian  agents,  this  information  was  furnished,  but  there 
seems  still  to  have  been  some  opening  of  the  Russian  boxes  with 
resulting  damage  to  their  contents. 

After  Russia,  Dresden,  Tetschen,  Vienna,  Budapest,  Innsbruck, 
Zurich,  and  Paris  were  consecutively  visited,  and  agents  were 
instructed  concerning  the  new  arrangements  for  shipping  material. 
At  Innsbruck  the  visitor  met  for  the  first  time  Prof.  K.  W.  von  Dalla 
Torre,  the  author  of  the  great  catalogue  of  the  Hymenoptera  of  the 
world,  and  got  his  views  on  the  subject  of  the  parasitic  Hymenoptera 
and  their  practical  handling. 

From  Paris  he  took  a  trip  into  Normandy  and  Brittany  with  Dr. 
Paul  Marchal,  of  the  ministry  of  agriculture  of  France,  and  Mr.  Ren6 
Oberthur,  for  the  pupose  of  examining  into  the  export  nursery  indus- 
try, and  at  the  same  time  with  a  view  of  observing  gipsy-moth  and 
brown-tail  moth  conditions  in  that  part  of  France.  (See  PI.  Ill, 
fig.  2.)  It  transpired  that  both  of  the  injurious  insects  were  unusu- 
ally abundant  in  portions  of  this  territory,  and  by  good  fortune  a 
small  oak  forest  covering  some  hundreds  of  acres  was  found  not  far 
from  Nantes,  in  which  there  had  been  an  outbreak  of  the  gipsy-moth 
more  serious  than  either  Dr.  Marchal  or  Mr.  Oberthur  had  ever  seen 
or  had  ever  heard  of  in  France.  Practically  every  tree  was  defoli- 
ated (see  PL  ni,  fig.  1),  and  at  the  time  of  the  visit,  the  last  week 
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in  June,  the  larvsB  were  about  full  grown  and  making  ready  to  spin. 
The  natural  enemies  of  the  gipsy-moth  were  not  abundant  in  this 
forest,  although  a  few  were  seen  on  trees  along  the  highway  in  this 
general  region.  Nevertheless  the  invariable  experience  in  Europe  is 
that  following  such  an  outbreak  as  this  parasites  congregate  in  the 
region  the  following  year  and  multiply  in  enormous  numbers.  The 
finding  of  tliis  area,  therefore,  seemed  fortunate,  since  during  the 
season  of  1910  it  seemed  probable  that  parasites  would  be  abundant 
at  that  point.  This  hope  was  not  fulfilled,  however,  and  in  1910 
practically  no  gipsy-moth  larvae  were  to  be  found  in  that  general 
region. 

In  the  meantime  the  honorable  minister  of  agriculture  for  Japan 
had  at  the  request  of  the  honorable  the  Secretary  of  Agriculture  of 
the  United  States  designated  Prof.  S.  I.  Kuwana,  of  the  Imperial 
Agricultural  Station  at  Tokyo,  to  be  the  official  representative  of  the 
Japanese  Government  in  the  parasite  work  to  be  carried  on  during 
the  spring  and  summer  of  1909,  and  to  conduct  his  operations  in 
cooperation  with  and  in  correspondence  with  the  chief  of  the  Bureau 
of  Entomology  of  the  United  States  Department.  Prof.  Kuwana 
has  shown  himself  in  this,  as  in  his  previous  work,  a  man  of  extra- 
ordinary intelligence  and  activity,  and  has  sent  in  a  number  of  inter- 
esting and  valuable  lots  of  parasitic  material  which  were  received  at 
Melrose  Highlands  in  uniformly  good  condition.  This  was  due  to 
the  great  care  and  intelligence  shown  by  Prof.  Kuwana  in  its  collec- 
tion and  in  his  methods  of  packing  and  shipping. 

The  most  nearly  perfect  European  service  during  the  summer  of 
1909  was  secured  in  France,  owing  to  the  arrangement  made  at  the 
May  conference  in  Paris.  In  the  south  of  France  very  many  people 
were  employed  under  Mr.  Powell,  and  several  thousand  boxes  of  good 
material  were  received  at  the  parasite  laboratory  from  this  region. 
(See  PI.  IV,  fig.  2.)  In  quantity  it  exceeded  the  total  of  all  the 
importations  of  a  similar  character  made  since  the  inception  of  the 
work,  and  from  it  have  been  reared  a  greater  number  of  important 
tachinid  parasites  than  have  been  reared  from  all  other  importations 
of  similar  character  taken  together.  The  size  of  the  French  shipments 
is  largely  due  to  the  intelfigent  energy  of  Mr.  M.  Dillon  (see  PI.  IV, 
fig.  1),  with  whom  the  bureau  was  placed  in  relations  by  Mr.  Powell. 

Quantities  of  miscellaneous  material  were  also  received,  as  for- 
merly, from  numerous  collectors  in  Germany,  Austria,  Italy,  Hol- 
land, Belgium,  and  Switzerland. 

Prof.  Kincaid's  account  of  his  Russian  observations  is  as  follows: 

At  the  request  of  Dr.  L.  O.  Howard,  Chief  of  the  Bureau  of  En- 
tomology, United  States  Department  of  Agriculture,  the  writer 
visited  the  provinces  of  Russia  bordering  upon  the  Black  Sea  during 
the  summer  of  1909  with  a  view  to  the  introduction  into  America 
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of  the  parasites  of  the  gipsy  moth  reported  to  exist  in  that  part  of 
Europe.  Proceeding  to  St.  Petersburg  via  New  York  and  Paris,  an 
interview  was  had  with  Prof.  Porchinsky,  of  the  Russian  Bureau  of 
Entomology,  who  suppUed  valuable  information  and  suggestions  for 
the  furtherance  of  tne  investigation.  Leaving  the  Russian  capital 
on  April  28,  a  journey  of  48  hours  brought  the  writer  to  the  city  of 
Kishenef  and  after  making  a  survey  it  was  decided  to  establish 
a  base  of  operations  in  the  forest  of  Gauchesty,  an  area  of  wooded 
hills  adjacent  to  a  village  of  that  name  about  30  versts  ^  northwest 
from  Kishenef.  Since  the  acconmiodations  in  the  village  of  Gau- 
chesty were  of  an  unsatisfactory  character,  Mr.  Artemv  Nazaroff. 
the  manager  of  the  estate  of  Prince  Manook  Bey,  on  tne  lands  of 
which  the  more  important  infested  areas  existed,  invited  the  writer 
and  his  interpreter  to  become  his  guests  during  the  progress  of  the 
investigation.  A  suite  of  rooms  in  the  guest  house  oi  Gauchesty 
castle  was  placed  at  our  disposal,  and  Mr.  Nazaroff  did  all  in  his 
power  to  forward  our  interests  and  to  make  agreeable  our  stay  in 
that  part  of  Russia.  An  outbuilding  upon  the  farm  of  the  estate 
was  transformed  into  a  laboratory  m  which  was  erected  a  set  of 
rearing  frames  for  the  rearing  of  the  parasites.  During  the  first 
week  of  April  systematic  exploration  of  the  adjacent  wooded  areas 
was  begun.  The  forest  cover  was  found  to  consist  almost  exclusively 
of  young  oaks,  with  a  few  scattering  trees  of  other  species.  The 
ground  beneath  the  trees  was  fairly  free  from  underbrush  and  was 
carpeted  with  a  rich  profusion  of  shrubs  and  flowers.  At  a  distance 
of  7  versts  from  Gauchesty  was  an  area  covered  with  trees  of  con- 
siderable age  among  which  the  underbrush  was  comparatively  dense. 

From  the  forester  in  charge  of  the  timbered  areas  upon  the  estate 
it  was  learned  that  the  gipsy  moth  had  done  great  aamage  to  the 
forest  during  the  previous  season,  large  areas  having  been  completely 
defoUated.  This  statement  was  borne  out  by  the  immense  number 
of  egg  masses  attached  to  the  trees.  At  the  time  we  commenced 
our  mvestigations  the  caterpillars  had  emerged  from  the  eggs  but 
were  still  resting  upon  the  oark.  Few  signs  of  previous  parasitic 
activity  were  observed  beyond  the  discovery  of  a  number  of  empty 
cocoons  of  Apanteles  solitarius  Ratz.  attached  to  the  bark  of  the 
trees.  In  the  ancient  forest  mentioned  above  the  egg  masses  were 
very  numerous,  but  the  number  of  larvae  upon  the  bark  was  remark- 
ably small.  From  the  abnormal  appearance  of  most  of  these  egg 
masses,  and  from  the  fact  that  several  Microhymenoptera  were  dis- 
covered in  them,  it  seemed  probable  that  a  considerable  number  of 
the  e^s  had  been  destroyed  through  this  agency.  In  other  parts  of 
the  forest  no  evidence  was  secured  indicating  the  presence  of  egg 
parasites. 

The  brown-tail  moth  seemed  to  be  practically  absent  from  the 
forested  areas,  but  in  the  open  rolling  country  between  Kishenef  and 
Gauchesty  many  wild  pear  growing  in  cultivated  fields  were  found 
to  be  completely  defoliated.  A  large  number  of  the  larvae  were 
placed  in  rearing  frames  but  yielded  no  parasites,  not  even  Meteorus 
making  its  appearance. 

By  June  1  the  caterpillars  of  the  gipsy  moth  had  passed  into  the 
second  stage  and  the  oak  trees  were  showing  obvious  signs  of  damage, 
but  up  to  this  date  there  was  no  indication  of  the  emergence  of 

>  Vent:  RuBSian  measure  of  di8taDoe»3,500  Eogliah  feet;  6  veists-approxlmately  4  English  miles. 


Digitized  by 


Google 


80  PABASITES   OF   GIPSY   AND   BROWN-TAIL  MOTHS. 

hymenopterous  parasites  either  in  the  field  or  from  the  thousands  of 
larvae  reared  in  rearing  frames.  It  became  apparent  that  the  con- 
ditions were  unfavorable  for  the  purposes  in  mind  of  assemblmg 
parasites  for  export,  and  it  was  decided  to  shift  our  headquarters  to 
a  more  promising  locality. 

On  June  5  a  new  base  of  operations  was  established  at  the  town 
of  Bendery  on  the  Dniester  Kiver.  Quarters  were  selected  in  the 
principal  hotel,  the  Petersburgia,  and  in  a  remote  comer  of  the  exten- 
sive grounds  of  the  hostelry  a  temporary  laboratory  was  constructed 
in  which  several  tiers  of  rearing  frames  were  erected.  The  forest 
conditions  in  this  district  were  much  more  diversified  than  at  Gau- 
chesty.  To  the  northeast  of  the  town  at  a  distance  of  7  versts  was 
the  forest  of  Gerbofsky,  occupying  a  dry  elevated  area  of  about 
5,000  acres  and  consisting  almost  exclusively  of  mature  oak  trees. 
To  the  southward,  on  the  banks  of  the  river,  was  the  forest  of  Kitz- 
kany,  composed  largely  of  black  poplar,  maple,  and  willow.  In  both 
of  these  forests  the  caterpillars  ol  the  gipsy  moth  were  found  in 
immense  numbers,  and  evidence  of  attack  by  both  hymenopterous 
and  dipterous  parasites  was  readily  obtained,  although  nownere  in 
the  abundance  noped  for.  For  two  weeks  the  two  forests,  as  well  as 
the  extensive  orchards  in  the  vicinity  of  Bendery  and  the  neighboring 
town  of  Tiraspol,  were  scoured  for  parasites.  A  number  of  Russian 
boys  were  pressed  iuto  service  and  trained  to  assist  in  making  collec- 
tions, at  which  they  became  quite  expert.  Except  for  a  few  clusters 
of  cocoons  derived  from  AjHinteles  fulvipes  Hal.,  the  only  hymenop- 
terous parasite  to  appear  m  considerable  abundance  was  ApanteUs 
solitariiLs,  Caterpillars  of  the  gipsy  moth  attacked  by  this  species 
crawl  down  to  the  trunk  or  lower  branches  of  the  tree  and  collect  in 
colonies  on  the  lower  side  of  the  branches,  under  bark,  in  cavities 
and  other  sheltered  places.  Here  the  larva  of  the  parasite  emerges 
and  spins  its  cocoon  beneath  the  body  of  its  host.  The  task  of  col- 
lecting these  scattered  cocoons  was  a  tedious  one,  since  it  was  neces- 
sary to  remove  each  one  carefully  from  the  bark  without  undue 
pressure  and  also  to  disentangle  it  from  the  hairy  body  of  its  host. 

In  the  forest  of  Kitzkany,  where  the  conditions  were  favorable  for 
bacterial  iufection  owing  to  excessive  dampness,  the  caterpillars  of 
the  gipsy  moth  were  swept  away  in  vast  numbers  by  a  Dacterial 
disease  before  any  extensive  defoliation  took  place.  The  search  for 
hymenopterous  parasites  in  this  district  soon  become  a  vain  one, 
since  very  few  of  the  caterpillars  appeared  to  have  escaped  the 
infection. 

The  forest  of  Gerbofsky,  owing  to  its  being  elevated,  open,  and 
well  drained,  was  not  favorable  for  bacterial  infection  and  no  trace 
of  disease  was  observed.  This  forest  was  therefore  almost  com- 
pletely defoliated  by  the  caterpillars,  and  multitudes  of  the  insects, 
failing  to  find  any  further  nourishment  upon  the  oaks,  descended  to 
the  ground,  where  they  died  in  great  numbers,  apparently  from 
starvation.  Hymenopterous  parasites  seemed  to  play  a  relatively 
small  part  in  the  destruction  of  the  caterpillars,  since  the  attacks  of 
Apanteles  solitarius  were  of  the  most  scattering  character.  In  the 
snrubbery  growths  adjacent  to  the  main  forest,  where  new  planta- 
tions had  been  recently  established  by  the  forester  in  charge,  a  con- 
siderable number  of  Calosoma  were  found  at  work  destroying  the 
caterpillars,  but  their  operations  did  not  appear  to  extend  into  the 
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main  forest,  where  the  open  grass-covered  ground  did  not  offer  suf- 
ficient concealment  for  the  beetles. 
The  principal  check  to  the  depredations  of  the  caterpillars  of  the 

E'psy  moth  in  this  forest  came  with  the  advent  of  the  tachinids,  the 
tier  appearing  upon  the  scene  after  the  trees  had  been  ahnost  or 
entirely  defoliated.  Chalcid  flies  abo  appeared  at  this  time,  but  not 
in  considerable  numbers.  The  species  of  Linmerium,  a  few  speci- 
mens of  which  had  been  previously  received  from  Russia,  and  of 
which  it  had  been  hoped  to  secure  a  supply  for  transfer  to  America, 
proved  to  be  exceedmgly  rare,  only  three  specimens  being  found. 
The  larva  of  this  parasite  on  emerging  from  its  nost  spins  an  elongated 
silken  thread,  at  the  end  of  whicn  it  spins  a  cocoon  and  transforms 
to  the  pupal  state. 

Considerable  numbers  of  the  cocoons  of  Apanteles  solitarivs  were 
collected  from  the  forest,  from  the  extensive  orchards  of  the  neigh- 
borhood, and  from  clumps  of  willow  bushes  conmonly  found  at  the 
edges  of  fields.  For  several  weeks  shipments  were  made  almost 
dafly  to  Hamburg,  from  which  port  the  packages  were  shipped  in 
cold  storage  to  New  York.  Many  difficulties  arose  in  attempting  to 
make  rapid  shipments.  The  postal  connections  were  very  unsatis- 
factory and  caused  annoying  delays,  while  at  the  German  frontier 
another  cause  for  loss  of  time  developed  through  the  formaUties  of 
the  customs  authorities  of  the  German  Government. 

The  brown-tail  moth  seemed  to  be  quite  uncommon  in  the  region 
about  Bendery,  and  no  parasites  were  observed  upon  the  small  num- 
ber of  larvse  collected  at  this  point. 

Since  it  seemed  desirable  to  cover  as  extensive  a  territory  as  pos- 
sible during  the  season,  the  writer,  leaving  an  assistant  in  charge  of 
the  laboratory  and  collecting  organization  at  Bendery,  journeyed 
northward  on  June  17  and  established  a  new  center  of  exploration  at 
the  city  of  Kief,  in  the  province  of  the  same  name.  Through  the 
courtesy  of  Prof.  Waldemar  Pospielow  the  writer  was  furnished  with 
much  valuable  information  in  regard  to  the  forests  of  this  portion  of 
Russia  and  concerning  the  areas  in  which  the  gipsy  moth  was  known 
to  exist.  Several  immense  forested  areas  were  traversed,  but  as  thev 
were  for  the  most  part  purely  coniferous  in  character  the  gipsy  moth 
appeared  to  be  quite  a  rare  insect.  Through  information  supplied 
by  Prof.  Pospielow  it  was  ascertained  that  at  Meclmigori,  a  monas- 
terial  institution  on  the  banks  of  the  Dnieper,  several  hours  by 
steamer  from  Kief,  an  area  of  woodland  existed  which  was  infested 
to  a  moderate  extent  by  caterpillars  of  the  gipsv  moth,  among  which 
the  parasites  were  reported  to  be  much  in  evi(lence.  A  visit  to  the 
locafity  showed  an  interesting  condition.  The  monastery  was  sur- 
rounded by  beautiful  groves  of  elm  and  oak  trees  in  which  the  gipsy 
moth  had  made  considerable  inroads,  but  the  parasites  had  developed 
to  a  sufficient  extent  to  practically  clear  the  foliage  of  caterpillars. 
Almost  the  sole  agency  in  bringing  about  this  condition  was  Apan- 
tdea  ruJipeSy  which  attacks  the  larvse  of  the  gipsy  moth  in  a  manner 
closely  resembling  AparrUeles  japonicus,  as  observed  during  the  pre- 
ceding season  in  Japan,  but  in  the  case  of  the  latter  the  caterpillars 
usualfy  die  upon  the  leaves  of  the  trees,  whereas  in  the  former  the 
caterpillars  descend  to  the  trunk  and  lower  branches  to  form  colonies. 
On  emerging  from  the  caterpillars  the  parasites  spin  cocoons  beneath 
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the  host,  which  are  also  attached  ventrally  to  the  bark  of  the  tree, 
and  as  numerous  caterpillars  die  in  a  restricted  area  a  mass  of  Apan- 
teles  cocoons,  often  of  considerable  thickness,  is  formed.  Such 
masses  standing  out  as  white  patches  aj^ainst  the  dark  tree  trunks  on 
which  they  rest  may  be  seen  lor  considerable  distances.  Cocoons  of 
Apantales  solitarius  were  also  observed  in  the  forest  of  Mechnigori, 
but  were  comparatively  rare,  so  this  species  evidently  did  not  repre- 
sent a  very  important  element  in  the  control  of  the  gipsy  moth. 

In  the  forested  areas  about  Kief  the  caterpillars  of  the  brown-tail 
moth  were  rarely  met  with,  but  in  several  of  the  parks  on  the  out- 
skirts of  the  city  they  were  found  in  abundance.  In  the  grounds  of 
the  miUtary  school  a  large  number  of  magnificent  oak  trees  were 
almost  denuded  of  foliage,  and  some  of  the  other  deciduous  trees  and 
shrubs,  such  as  poplars,  rose  bushes,  and  Crata?gus,  were  severely 
damaged.  The  usual  brown-tail  parasites  were  found  at  work,  the 
most  effective  being  Meteorus.  Almost  every  branch  of  the  injured 
trees  bore  the  suspended  cocoons  of  this  parasite.  Tacbinids  were 
also  active,  so  it  was  obvious  that  very  few  of  the  caterpillars  would 
reach  maturity. 

On  departing  from  Kief  on  July  9  the  season  was  practically  over, 
and  gipsy  moths  were  in  flight. 

Returning  to  Bendery,  it  was  found  that  the  season  was  over  so  far 
as  Apantales  solitarius  was  concerned,  but  large  numbers  of  tachinid 

Euparia  were  in  evidence.  As  many  as  possible  of  these  were  assem- 
led  and  shipped  to  America.  The  chrysalides  of  the  gipsy  moth 
were  also  forwarded  in  considerable  numoers  in  the  hope  of  securing 
pupal  parasites. 

These  lines  of  work  were  continued  till  July  16,  by  which  time  the 
season  was  so  advanced  that  the  moths  were  beginning  to  deposit  their 
eggs  for  the  succeeding  season.  From  the  abundance  of  moths  in 
flight  it  was  obvious  that  unless  the  natural  parasites  multipUed  suf- 
ficiently to  control  the  situation  the  region  would  experience  another 
visitation  of  the  same  character  during  the  following  year. 

Ijcaving  Bendery  on  July  16,  the  writer  returned  to  Paris  via 
Odessa,  Constantinople,  and  Naples,  arriving  in  New  York  August  28. 

Owing  to  various  unforeseen  conditions,  and  principally  owing  to 
the  deficient  transportation  facilities,  the  material  received  as  the 
result  of  Prof.  Kincaid's  expedition  proved  to  be  unsatisfactory  on 
the  whole. 

In  May  and  June,  1910,  the  senior  author  went  to  Europe  once 
Dtiore,  visited  agents  and  officials  in  Italy  and  France,  and,  through 
the  courtesy  of  the  Spanish  and  Portuguese  Governments,  was  able 
to  start  new  official  services  in  each  of  these  countries  for  the  collec- 
tion and  sending  of  parasitized  gipsy-moth  larvae  to  the  United 
States.  In  Italy  Prof.  Silvestri  at  Portici  and  Dr.  Berlese  at  Flor- 
ence were  visited  and  informed  as  to  the  latest  ideas  of  the  laboratory 
regarding  methods  of  shipment.  In  Spain  Prof.  Leandro  Navarro, 
of  the  Phytopathological  Station  at  Madrid,  volunteered  his  services 
with  the  approval  of  the  minister  of  agriculture.  In  Portugal  Senhor 
Alfredo  Carlos  Lecocq,  director  of  agriculture,  placed  the  visitor  in 
relation  with  Prof.  A.  F.  de  Seabra,  of  the  Phytopathological  Station 
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at  Usbon,  and  the  latter  gladly  consented  to  act  as  the  agent  of  the 
bureau  in  this  work  in  Portugal.  In  France  arrangements  were  made 
with  Mr.  Dillon  as  during  the  previous  year  in  the  south  of  France, 
and  arrangements  were  renewed  with  Miss  Ruhl  in  Zurich  and  Mr. 
Schopfer  in  Dresden.  The  distributing  agency  in  Hamburg  was  con- 
tinued, and  a  new  distributing  agency  was  started  at  Havre,  France, 
on  account  of  its  convenient  proximity  to  the  American  line  steamers 
starting  from  Southampton.  In  order  to  insure  the  best  results,  Mr. 
Dillon  accompanied  certain  large  shipments  from  Hyferes  to  Havre, 
and  personally  saw  that  they  were  placed  upon  the  channel  steamer 
the  night  before  the  sailing  of  an  American  line  steamer  from 
Southampton. 

Sendings  from  Japan  were  continued  in  the  same  manner  as  dur- 
ing the  previous  year.  The  minister  of  agriculture  for  Japan,  at  the 
request  of  the  Secretary  of  Agriculture  of  the  United  States,  again 
designated  Prof.  S.  I.  Kuwana,  of  the  Imperial  Agricultural  Experi- 
ment Station  at  Tokyo,  to  be  its  official  representative  in  this  work, 
and  he  continued  his  extremely  valuable  sendings. 

The  amount  received  during  the  sunmier  was  larger  than  ever 
before,  but  the  results  obtained,  owing  partly  to  the  condition  of  the 
material  on  receipt  and  owing  to  curious  seasonal  fluctuations  and 
differences  in  the  countries  of  origin  and  in  the  infested  territory  in 
America,  the  results  by  no  means  corresponded  with  the  increased 
material.  The  work  carried  on  in  the  laboratory  during  the  season 
uid  the  results  obtained  are  mentioned  later. 

In  the  autunm  the  junior  author  visited  France  and  Russia  for  the 
purpose  of  studying  certain  important  points  regarding  the  question 
of  alternate  hosts  of  the  parasites  and  methods  of  hibernation.  The 
results  of  his  observations  will  be  given  in  detail  in  the  later  section 
headed  **The  extent  to  which  the  gipsy  moth  is  controlled  through 
parasitisni  abroad.'' 

At  the  close  of  the  season  of  1910,  and  in  part  owing  to  the  prepara- 
tion of  the  present  bulletin,  a  general  review  of  the  whole  work  was 
undertaken,  and  a  summing  up  of  present  conditions  seemed  to  indi- 
cate that  nearly  as  much  had  already  been  accomplished  by  present 
methods  as  could  be  expected.  The  great  need  at  this  time  seemed 
to  be  a  careful  study  in  the  countries  of  origin  of  the  species  of  appar- 
ent importance  which  have  been  sent  over  but  have  not  become 
established,  in  order  to  ascertain  the  reasons  for  the  apparent  failure; 
and,  further,  to  see  on  the  spot  what  can  be  done  with  regard  to  the 
importation  of  parasites  of  apparently  lesser  importance,  but  which, 
through  the  fact  that  they  may  fill  in  gaps  in  the  parasitic  chain  and 
may  at  the  same  time  increase  beyond  their  native  wont  when  con- 
fronted with  American  conditions,  may  be  very  desirable.     Accord- 
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ingly  the  junior  author  was  commissioned  to  visit  France,  Italy,  and 
Russia  in  the  winter  and  early  spring  of  1911,  and  subsequently  to 
spend  the  breeding  season,  if  found  desirable,  in  Japan.  He  was 
given  authority  to  employ  the  necessary  agents  in  each  of  these  coun- 
tries.    He  sailed  January  5,  1911. 

KNOWN  AND  BECOBDBD  PABASTTES  OF  THE  GIPSY  MOTH  AND  OF 
THE  BBOWN-TAIL  MOTH. 

When  the  work  of  introducing  the  parasites  of  the  gipsy  moth  and 
of  the  brown-tail  moth  was  begxm  in  1905,  the  available  assets  con- 
sisted of  generous  appropriations  by  the  State  of  Massachusetts  and 
the  Federal  Grovemment,  an  abundant  faith  in  the  vaUdity  of  the 
theory  which  was  to  be  put  to  test,  and  a  long  bibliographical  list 
of  the  parasites  which  were  recorded  as  attacking  these  insects  in 
Europe  and  Japan.  Of  these,  the  appropriations  have  withstood 
most  eflFectively  the  ordeal  of  the  years  which  have  since  passed. 
Our  faith  in  the  validity  of  the  principle  at  stake  has  also  stood  out 
wonderfully  well,  when  the  numerous  trials  to  which  it  has  been 
subjected  are  taken  into  consideration.  It  is  not  too  much  to  say 
that  at  the  present  time  it  is  stronger  than  ever,  notwithstanding 
that  a  good  many  facts  have  come  to  light  in  this  period  which  are 
more  or  less  flatly  in  contradiction  to  the  theory  of  parasite  control 
as  generally  accepted  at  the  beginning.  It  has  more  than  once  been 
necessary  to  modify  beliefs  and  ideas  as  previously  held,  in  order  to 
make  them  conform  to  the  actual  facts.  To  take  a  pertinent  exam- 
ple, it  was  necessary  to  place  an  entirely  different  value  upon  the 
bibUographical  list  above  mentioned  than  that  which  was  placed  upon 
it  when  the  work  was  begun,  and  when  the  policies  of  the  laboratory 
were  first  determined. 

Nearly  thirty  years  ago  the  present  head  of  the  Bureau  of  Ento- 
mology undertook  the  compilation  of  a  card  catalogue  of  references 
to  the  host  relations  of  the  parasitic  Hymenoptera  of  the  world. 
For  more  than  twenty  years  the  work  was  continued  until  some 
30,000  such  references  were  accumulated.  From  among  them  those 
in  which  the  gipsy  moth  was  mentioned  as  the  host  were  collected 
and  a  list  of  gipsy-moth  parasites  was  published  in  Insect  Life.^ 
With  the  exception  of  a  comparatively  few  recent  additions  this  list 
forms  the  basis  of  that  which  follows.  That  of  the  parasites  which 
have  been  recorded  as  attacking  the  brown-tail  moth  is  largely  from 
the  same  source. 


>  U.  S.  Deportment  of  Agriculture,  Division  of  Entomology,  Insect  Life,  vol.  2,  pp.  210-211, 1880. 
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HYMENOPTEROUS  PARASITES  OF  THE  GIPSY  MOTH  (Porthetria  dispar  L.). 

BRACONIDiB. 


Reared  at  labontory. 
Apantelesfulvipes  (Hal.). 
ApanteUs  solitarius  (Ratz.). 


Metecrus  versicolor  (Wesm.). 
MeUoru*  pulchricomis  (Wesm.). 
MeteoruM  japofUcus  Ashm.' 


Reoorded  M  perasttet. 
Apantelesfulvipes  (Hal.).  '  * 
ApanteUs  aolitarius  (Ratz.).*  ' 
Microgaster  calceata  Hal.*  ' 
ApanteUs  tenebrosus  (Weam.).* 
Microgaster  tibialis  Nees.* 
( Microgaster)  ApanteUs  fulvipes  liparidis 

(Bouch6).>  > 
ApanteUs  glomercUus  (L.).* ' 
ApanteUs    solitarius    var.     melanoscelus 

(Ratz.).> 
ApanteUs  solitarius?  ocnerise  Svanov* 
Meteorus  seutellator  (Neee).* 


ICHNEUMONIDiE. 


PRIMARY. 


Pimpla  (Pimpla)  instigator  (Fab.). 
Pimpla  (Pimpla)  porthetrise  Vier.' 
Pimpla  {Pimpla)  examinator  (Fab.). 
Pimpla  {Pimpla)  pluto  Ashm.' 
Pimpla  (Apechtkis)  brassicarise  (Poda). 
Pimpla  {Ptmpla)  disparts  Vier.' 
Theronia  atalantse  (Poda). 
Limnerium,  {Hyposoter)  disparis  Vier. 
Lmnerium  {Anilastus)  tricoloripes  Vier. 
lekneumjom  disparis  (Poda). 


Pimpla  (Pimpla)  instigator  (Fab.).*  * 
Pimpla  examinator  (Fab.).' 


Theronia  ataUmtat  (Poda).* ' 
CampopUx  conicus  Ratz.* 
Casinaria  tenuiventris  (Grav.).* 
Ichneumon  disparis  (Poda).*  ^ 
Ichneumon  pictus  (Gmel.).*  ' 
AmblyteUs  varipes  Rdw.^ 
Trogus  flavitorius  [sic]  lutorius  (Fab.)?  * ' 
(Cryptus)  Aritranis  armenus  (Grav.).* 
Cryptus  cyanator  Grav.* 


PROBABLY  SECONDARY  BUT  RECORDED  AS  PRIMARY. 


Mesochorus  pectoralis  Ratz.* ' 
Mesochorus  gracilis  Brischke.*  ^ 
Mesochorus  splendidulus  Grav.*  ^ 
Mesochorus  confusus  Holmgr.* 
Mesochorus  semirufus  Holmgr.* 
(HemiteUs)  Astomaspis fulvipes  (Grav.).*  ^ 
=A.  nanus  (Grav.)  according  to  Pfan- 
kuch. 
HemiteUs  bicolorius  Grav.' 
Pezom^achus  hortensis  Grav.' 
Pezomachusfasdatus  (Fab . )  * = Pezomachus 
m^lanocephalus  (Schrk.). 


'  Recorded  by  the  senior  author  in  a  card  catalogne  of  i)ara8ite6  kept  in  the  Bureau  of  Entomology. 
*  Recorded  by  Dalla  Torre  in  Catalogus  Hymenopteronim. 
'Japanese  species. 
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PARASITES  OF  GIPSY  AND  BROWN-TAIL  MOTHS. 


Ghalcididjs. 


Reared  at  laboratory. 


Recorded  as  parasites. 
Ptetomalus  halidayanus  Ratz.' 
Pteromalus  pint  Hartig.' 
Dibrackifs    baucheantu    Ratz.'    (Second- 
ary.) 
Etiryioma   abrotanx    Panzer  *  ^^appendi- 
gaster  Swed.    (Secondary.) 
Eupehnu9  bi/a»c%atu$  Fonsc.  Eupelmus  bifaaciatus  Fonuc.*  ' 

Monodontomerus  aereus  Walk. 

Chalets  flavipcM  Panz.  Chalets  eallipus  Kby.' 

Chalets  ohscurata  Walk.* 
Schedius  kuvanfe  How.* 

HYMENOPTEROUS  PARASITES   OF  THE   BROWN-TAIL  MOTH  (Euprociis 

ckrysorrhoea  L.). 


BRACONIDiE. 


Reared  at  laboratory. 
Meteorus  versicolor  (Weam.). 

Apanteles  lacteicolor  Vier. 


Recorded  as  parasites. 
Metcoriis  versicolor  (Weem.).* 
Meteorus  ictericus  (Neee).* 
Apanteles  incltuus  (Ratz.) '  * 
Apanteles  ultor  Reinh.*  ^  ' 
Apanteles  diffidlis  (Nees).* 
Apanteles  liparidis  (Bouch6).* 
Apanteles  vitripennis  (Hal.).* 
Apanteles  solitarius  (Ratz.).* 
MicTogaster  consulans  (Hal.)  ^=  Microgas- 

ter  connexa  Neee. 
Microgaster  calceata  Hal.' 
Rogas  geniculator  Neee.'  * 
Rogas  iestaceus  (Spin.).* 
Rogas  pulchnpes  (Wesm.).' 


ICHNEUHONID^. 


PRIMARY. 


Pimpla  (Pimpla)  examinator  (Fab.). 
Pimpla  (Pimpla)  instigator  (Fab.). 
Pimpla  (Apechthis)  brassicarix  (Poda). 
Theronia  atalantas  (Poda). 


Pimpla  (Pimpla)  examinator  (Fab.).*  * 
Pimpla  (Pimpla)  instigator  (Fab.).*  ^  » 

Theronia  atalantx  (Poda).*  *  ' 
Campoplex  conicus  Ratz.* 
(Campoplex)  Omorgtis  difformis  (Gmel.).* 
Cryptxts  moschator  (Fab.).* 
(Cryptus)  Idiolispa  atripes  (Grav.).* 
Ichneumon  disparis  (Poda).* 
Ichnetimon  scutellator  (Grav.).' 


1  Recorded  by  the  senior  author  in  a  card  catalogue  of  parasites  kept  in  the  Bureau  of  Entomology. 

*  Recorded  by  Dalla  Torre  in  Catalogus  Hymenopterorum. 
>  Reared  by  Dr.  8. 1.  Kuwana. 

*  Japanese  species. 

*  Recorded  by  Emelyanoff . 
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PROBABLY   SECONDARY,  BUT   RECORDED   AS   PRIMARY. 

Reared  at  laboratoiy.  Recorded  as  parasitfla. 

Mesochorus  pectoralis  Ratz.*  *  • 
Me90chorus  dUutus  Ratz.'  ' 
Ufmiteles  socialis  Ratz.' 

CHALCmiDiB. 

Ptemmalus  sp.  Pteromaltu  rotundatuM   Ratz.'=P/.  chy- 

aorrhcea  D.  T.» ' 
Ptewmalus  nidulcms  Thorns. =P/.  egregiu*     Pteromalus  processioTifas  Ratz.*  • 

Fdret. 
Diglochis  omnivora  Walk.  Pteromalus  nidulans  Thorns.*  • 

Pteromalus  puparum  L.' 
Dihrachys  houcheanus  (Ratz.).'    (Second- 
ary.) 
Chalets  scirropoda  FOret.* 
Monodontomerus  sereus  Walk.  Torymus  anephelus  Ratz.' = Monodontome- 

rus  sereus  Walk.*  ' 
Monodontomerus  dtntipes  Boh.*  ' 
Anagrus  ovivorus  Rondani.' 
Triehogramma  sp.  I. 
Triehogramma  sp.  II. 

Proctotrypid*  . 
Teltnomus  phalsenarum  Nees  (?).  Telenomus  phaldenarum  Nees.*  '  • 

DIPTEROUS   PARASITES  OF  THE  GIPSY  .MOTH   (Porthetria  dispar  L.). 

The  following  are  lists  of  the  dipterous  parasites  reared  and 
recorded  from  Porthetria  dispar  L.  and  Euproctis  chrysorrhcea  L.  Each 
list  is  supplemented  by  a  list  of  recorded  hosts  for  each  species 
enumerated. 

These  lists  have  been  compiled  from  various  sources,  the  principal 
being  the  ''Katalog  der  Palaarktischen  Dipteren,"  Brauer  &  Bergen- 
stamm's  '*Die  Zweiflugler  des  Kaiserlichen  Museums  zu  Wien,"  Fer- 
nald  and  Forbush's  '*The  Gipsy  Moth/*  and  the  senior  author's  ''List 
of  parasites  bred  from  imported  material  during  the  year  1907'' 
(3d  annual  report  of  the  superintendent  for  suppressing  the  gipsy 
and  brown-tail  moths). 

In  the  choice  of  names  of  the  foreign  tachinids  the  Katalog  der 
Palaarktischen  Dipteren  has  been  followed  with  the  exception  of  a 
few  cases  in  which  other  names  have  been  in  use  at  the  Gipsy  Moth 
Parasite  Laboratory;  in  these  few  cases,  to  avoid  confusion,  no 
change  has  been  made. 

1  Rworded  by  Emelyanoff. 

*  Recorded  by  Dalla  Torre  in  Catalogus  Hymenopterorum. 

'  Reoorded  by  the  senior  author  in  a  card  catalogue  of  parasites  kept  in  the  Bureau  of  Entomology. 
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Foreign  Tachinid  Parasites  on  Porthetria  dispar. 

Roared.  Recorded. 

Blepharipa  $cutellata  R.  D.  Argyrophylax  atropivora  R.  D. 

Carcelia  gnava  Meig.  Carcelia  exdsa  Fall. 

Compsiltara  concinnata  Meig.  Compsilwra  concinnata  Meig. 

Crossocosmia  sericariae  Com.  Echinomyia /era  L. 

Dexodes  nigripes  Fall.  Epicampocera  crassiseta  Rond. 

Parasetigena  segregaia  Rond.  Emestia  consohrina  Meig. 

Tachina  larvarum  L.  Eudoromyia  magnicomis  Zett. 

Tachina  japonica  Towns.  Exorista  affinU  Fall. 

Tricholyga  grandis  Zett.  Uistochxia  marmorata  Fab. 

Zygobothria  gilva  Hartig.  Lydella  pinivorae  Ratz. 

Meigenia  bisignata  Schin. 

Parasetigena  segregaia  Rond. 

Phryxe  erythrostoma  Hartig. 

Pfilotachina  larvincola  Ratz. 

Ptilotachina  numacha  Ratz. 

Tachina  larvarum  L. 

Tachina  noctvjarum  Rond. 

Zenillia  libatrix  Panz. 

Zygobothria  gilva  Hartig. 

ZygobothriU  bimaculata  Hartig. 
N.  B.— It  Is  Interesting  to  note  that  only  four  species  are  common  to  both  lists. 

Recorded  Hosts  of  Foreign  Tachinid  PARAsrrES  of  Porthetria  dispar  Rearrd 
at  the  Gipsy  Moth  PARAsrrE  Laboratory. 

Blepharipa  scutellata  R.  D.:  • 

Acherontia  atropos  h.;    Vanessa  antiopa  h. 
Carcelia  gnava  Meig.: 

Malacosoma  neustria  L.;  Orgyia  antiqua  L.;  Stilpnotia  salicis  L. 
CoMPSiLURA  concinnata  Meig.  I 

See  list  of  recorded  parasites  of  P.  dispar 
Crossocosmia  sericarlb  Com.: 

AniheraeayaTnarrvaiQu^r.]  .4.  myZtVto  Moore;  SericariamoriL. 
Dexodes  nigripes  Fall.: 

Ascomeiia  caliginosa  Hb.;  Agrotis  candelarum  Stgr.;  Bupalus  piniarius  L.; 
Cueallia  asteris  ^ch\^.\  Deilephila  euphorbias  L.;  EurrhyparaurticaeL.;  Heliothis 
scutosa  Schiff . ;  Hybemia  sp. ;  Mamestra  pisi  L. ;  Miana  literosa  Hw. ;  Ortholitha 
cervinata  Schiff.;  Phragmatobia  fuliginosa  L.;  Plusia  gamma  L.;  Porthesia 
similis  Fussl.;  Tapinostola  elymi  Tr.;  Tephroclystia  virgauriata  Dbld.;  Thau- 
metop(Ba  pinivoraTr.;  Vanessa  ioh.;  V.  polychlorush.;  V.urticae  L.;  Lophyrua 
sp.;  Nematus  ribesii  Scop. 
Parasetigena  segregata  Rond. : 

(See  list  of  recorded  parasites  of  P.  dispar.) 
Tachina  larvarum  L.  : 

(See  list  of  recorded  parasites  of  P.  dispar.) 
Tachina  japonica  Towns.: 

Porthetria  dispar  L. 
Tricholyga  grandis  Zett. 

Arctia  caja  L.;    Mamestra  oleracea  L.;    M.  pisi  L.;   Satumia  pavonia  L.;   S.  pyri 
Schiff.;  Sphinx  ligustri  L. ;   ThauTnetopoea  pityocampa  Schiff.;    Vanessa  io  L. 
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Recorded  Hosts  of  Foreign  Tachinid  Parasites  Recorded  on  Porthetria 

DISPAR. 

Argyrophylax  atropivora  R.  D.: 

P.  disparL.;  Acherontia  atropos  h.;  NotodontatrepidaEBp.;    VantSMxoL. 

Carcelia  excisa  Fall.: 

Abrostola  tripartita  Hufn.;  A.  tripUma  L.;  Arctia  caja  L.;  A.  hehe  L.;  A,  inlliea 
L.;  Bupahis  piniarms  L.;  Callimorpha  dominula  L.;  Cucullia  scrophularise 
Cap.;  Dagychira  pudibunda  L.;  Endromis  versicolora  L.;  Hyloicus  pinastri  L.; 
P.  dispar  L.;  P.  monacha  L.;  Malacowma  oastrenM  L.;  M.  neustria  L.;  Orgyia 
arUiqua  L.;  Pkragmaiobia  fuLiginosa  L.;  Pterostoma  palpina  L.;  Pygsera 
curtula  L.;  Satwmia  pyri  Schiff.;  Sphinx  ligtutri  L.;  Stilpnotia  salicis  L.; 
Thalpochseres  pannoniea  Frr.;    Thaumetopaa  processionea  L. 

CoMPSiLURA  concinnata  Meig.: 

^&ninu  grossulariata  L.;  ^cronycto  ocms  L.;    -4.  a/m  L.;   A.  cuspU  Hb.;    ^. 
rrugacephala  F.;   ^.  rumids  L.;   ^.  tridens  Schiff.;   ^rtucM'nia  Uvana  L.;  ^. 
prorsa  L.;  Arctic  oaja  L.;  Jlitecu*  cynthia  L.;  Catocala  promissa  Esp.;  CVanio- 
pAom  ligustri  Fab.;  Cucullia  lactucx  Esp.;  C.  verhasei  L.;  Dasychira  pudibunda 
L.;   Dilina  tUiae  L.;    Dilohia  cseruleocephala  L.;   Dipterygia  scahriuscuJa  L. 
Drymonia  chaonia  Hb.;   Euproctis  chrysorrhaea  L.;    Hyloicus  pinastri  L.;  Liby 
tha  celtis  Laich.;  Porthetria  dispar  L.;  P.  moncha  L.;   Macrothylacia  rubi  L. 
Mamestrahrassicaelj.;  M.oleraceaL.;  M.persicariseL.;  Malacosoma  neustria  L. 
Oeonistis  quadra  L.;  Phalera  hucephala  L.;  Pieri*  brassicx  L.;  P.  rapa?  L.;  Plusia 
festucx  L.;  P.  gamma  L.;  Pcecelocampa  populi  L.;   Porthesia  similis  Ftiasl 
Pygaera  anachoreta  Fab.;  'Pyrameis  atalanta  L.;  Smerinthtts  populi  L.;  Spilo- 
soma  lubricipeda  L.;  /^.  menthastri  Esp.;  Stauropus  fagi  L.;  Stilpnotia  salicis L 
Taeniocampa  stabilis  View.;    Thaumetopaa   processionea  L.;    T.   pityocampa 
Schiff. ;  Timandra  amata  L. ;  2>ac^  atriplids  L. ;  Vanessa  antiopa  L. ;  F.  io  L. 
V.  urtica?  L.;  F.  xanthomelas  Esp.;  Fponom^uto  padella  L.;   Cimbex  humeralis 
Fourcr.;    Trichiocampus  viminalis  Fall. 

ECHIKOMTIA  FERA   L.: 

-4«7ro(M  glareosa  Esp. ;  Arctia  aulica  L. ;  Leucania  obsoleta  Sb. ;  Porthetria  dispar  L. ; 
P.  monacha  L.;   Mamestra  pisi  L.;  Oeonistis  quadra  L.;  Panolis  grieovariegata 
Goeze. 
Epicampocera  crassiseta  Rend.: 

Porthetria  dispar  L.;    ThaumetopoM  processionea  L. 
Erkestia  consobrina  Meig.: 

Cucullia  artemisiss  Hufn.;  Porthetria  dispar  L. 

ElJDOROMYIA  HAONICORNIS  Zett.: 

Agrotis  sp.  ind.;  Hadena  adusta  Esp.;  Porthetria  dispar  L. 
Exorista  affinis  Fall.: 

AcronyctaalniL.;  Arctia  caja  L.;  Porthetria  dispar  L.;  Pachytelia  villosellaO.; 
Satwmia  pavonia  L.;  5.  pyri  Schiff. 
Histoch^ta  marhorata  Fab.: 

^rdia  cajd  L. ;  -4 .  quenselii  Payk. ;  ^.  villica  L. ;  Cucullia  verbani  L. ;  Malacosoma 
neustria  L.;  Porthetria  dispar  L.;  Goniarctena  rufipes  Payk. 
Lydella  PiNrvoR«  Ratz.: 

Porthetria  dispar  L. : 
Meioenia  bisignata  Schin.: 

Porthetria  dispar  L.: 
Parasetigena  segreoata  Rood.: 

Porthetria  dispar  L.;  P.  monacha  L.;  Lophyrus  pini  L. 
Phryxe  erythrostoma  Hartig: 

Dendrolimus  pini  L.;  Haloicus  pinastri  L.: 
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FnLOTACHiNA  LABviNcoLA  Ratz.: 

Porthetna  dispar  L.: 
Ptilotachina  monacha  Ratz.: 

Porthetna  dispar  L.: 

TaCHINA  LARVARUM   L.: 

Acronycta  rumicis  L.;  Agrotis  prxeoz  L.;  AreUa  eaja  L.;  A.  viUica  L.;  Catoeola 
fraxini  L.;  CosmotrichepotatariaL.;  CSiCullia  prenanthii  Br,  Dagychirafaacellina 
L.;  DeiUpJdla  gallii  Rott.;  D.  euphorbix  L.;  Dendrolimiu  pint  L.;  Gastropacha 
qutrdfolia  L.;  Lagiocampa  quercus  L.;  Porthetna  dUpar  L.;  P.  monadM  L.; 
Macroglosaa  stelUUarum  L.;  Macrothylacia  nibi  L.;  Malacosoma  castrensis  L.; 
M.  nevatria  L.;  Mamestra  brassicx  L.;  Melitxa  didyma  O.;  MeloptHus  porceU 
lu8  L.;  Ocneria  detrUa  Esp.;  Olethreutes  hercyniana  Tr.;  Orgyia  ericss  Germ.; 
0.  gonostigma  F.;  OrtAona  ^mtlif  F.;  Panolxs  gn$eovanegata  Goeze;  Papilio 
machaon  L.;  Plusia  iota  L.;  ^a/umia  pyrt  Schiff.;  StUpnotia  salidt  L.;  Fon^Mo 
antiopa  L.;  Vanessa  u)  L.;  F.  polychloros  L.;  F  urtica;  L.;  Y/Kmomeuto 
evonymella  L.;  Lophyras  pinx  L.;  Pamphiliusstellatus  Chriat. 
Tachina  noctuarum  Rond.: 

Cosmotriche  potatoria  L.;   Porthetna  dispar  L.: 
Zenillia  libatrix  Panz.: 

^6ro«to2a(Uc2«pi(u^Schiff.;  BrepAo<no(Mim  Hb.;  D(uyc^iraj>udi6uru2aL.;  Laren- 
tia  autumnalis  Strom.;   Porthetria  dispar  L.;  Malacosoma  neiLStria  h,;  Pygsara 
pigra  Hufn.;  Thawmetopcea  processionea  L.;  Yponomeuta  evonymella  L.;    11 
padella  L. 
Zyoobothria  oilva  Hartig: 

Porthetria  dispar  L.;  Stawropus  fagi  L.;  Lophyrus  laricis  Jut.;  L.  pallidus  Klug.; 
Z*.  |nn{  L.;  Z*.  n^/us  Latr.;  L.  variegatus  Hartig. 
Zyoobothria  bimaculata  Hartig: 

Lymaniria  monacha  L.;  Lophyrus  pallidus  Klug.;  L.  pini  L.;  L.  rufus  Latr.;  L. 
sodus  Klug.;  L.  variegatus  Hart.;  L,  virens  Klug. 

Native  Diptera  Reared  from  Porthetria  dispar. 

Tachinidoe:  * 

Exorista  hlanda  O.  S.  Exorista  femaldi  Will. 

Exorisla  pyste  Walk.  Tachina  mella  Walk. 

Other  than  Tachinidae: ' 

Aphiochxia  setacea  Aldr.  Phora  incisuralis  Loew 

Aphiochxta  scalaris  Loew.  Sarcophaga  ep. 

Gaurax  anchora  Loew. 

>  These  have  only  been  reared  very  occasionally  at  the  Qipey  Moth  Parasite  Laboratory. 
*  At  the  Oipsy  Moth  Parasite  Laboratory  these  have  been  recorded  only  as  scavengers  and  not  as  pai»- 
sites. 
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DIPTEROUS  PARASITES  OF  THE  BROWN-TAIL  MOTH  (EuproelU  dkryior- 

rhaa  L.). 

FORKION  TaCHHOD  PAmABITBS   OF  EuPEOCTIfl  0HET8OR&HCBA. 
Hmnd.  R«oorded. 


ComptUura  amemnatm  Meig. 
Eek^runnffia  prmeepi  Meig. 
I^rjfda/erruginea  Meig. 
PaU$  povida  Meig. 
Tadwna  kUifrons  lUmd. 
ZeniUia  fauna  Meig. 
ZeniUia  libatrix  Pans. 


Blepkaridea  vulgaru  Fall. 
Gnnjmlura  eondmnaia  Meig. 
C^loUypkrjft  an»er  Towns. 
DexodeM  nigripei  Fall. 
DigoniduUa  $et%pennii  Fall. 
DigomduUa  spinipennU  Meig. 
EudoTomyia  magnicomii  Zett. 
Masieera  sylvatica  Fall. 
NemoriUa  sp. 
Nemorilla  notabilU  Meig. 
PoZe*  pavida  Meig. 
Parexorisla  chekmist  Rond. 
Toc^'na  lorvartim  L. 
Tnekolyga  grandit  Zett. 
ZeniUia  libatrix  Panz. 
Zygobothria  nidieola  TownB. 
N.  B.—It  is  iotorasUng  to  note  that  only  tbrm  fpeciei  an  oommon  to  both  Uitt. 

Recorded  Hosts  of  Foreign  Tachinids  Reared  from  Euproctis  ohrtsorrhoea 
AT  THE  Gipsy  Moth  Parasite  Laboratory. 

Blepharidea  (Phyrxe)  vulgaris  Fall.: 

Abraxas  groasulariata  L.;  Adopsea  lineola  O.;  Aporia  cratsegi  L.;  Araschinia  levana 
1j.;  A.  prorsa  L.;  Argynnis  lathonia  L.;  Arctia  hebe  L.;  Boarmia  lariciaria  Dbld.; 
Brotolomia  meticulosa  L.;  Calymnia  trapezina  L.;  CotmotHche  potatoria  L.; 
Cucullia  anthemidis  On.;  C.  a$teris  SchifT.;  C.  verbasci  L.;  Dendrolimus pinih.; 
Ephyra  linearia  Hb.;  Epinettronia  cespitis  F.;  Eucklo^  cardamines  L.;  Euplexia 
lucipara  Hb.;  Uybemia  de/oliaria  CI.;  Hyloiciu  pinastri  L.;  Uylophila  prati- 
nana  L.;  Leucania  albipuncta  F.;  L.  lythargyria  Esp.;  Mamestra  advena  F.; 
J/^.  persicarix  L.;  if.  reticulata  Vill.;  Melitsta  athalia  Rott.;  Metopsilus  porcellui 
L.;  Nstnia  typica  L.;  Parasemia  plantagtnis  L.;  Pi«ri«  brassicse  L.;  P.  <2ap/t- 
(fice  L.;  P.  ra/Me  L.;  Pltma  gamma  L.;  Thamntmona  tcavaria  L.;  Thaumetop<ra 
pUyocampa  Schiff.;  T.  processionea  L.;  roxocampa  pasiinum  Tr.;  TTin^^Aa 
entiopa  L.;  F.  to  L.;  F.  t^rridc  L.;  F.  xanthom^las  Esp.;  Zygaena  achilUae 
Esp.,  aib.  jarUhina;  Z .  filipendulx  L.  (?);  Procrustes  coriaceus  L. 

COMPSILURA  CONdNNATA   Meig.: 

See  host  list  of  tachinid  parasites  of  P.  dispar. 
Cyclotophrys  anser  Towns.: 

No  records  other  than  at  the  Gipsy  Moth  Parasite  Laboratory. 
Dexodes  (Lydella)  nigripes  Fall.: 

^Mom^fuz  caliginasa  Hb.;  Agrotis  candelarum  St^.;  Bupalus  piniarius  L.; 
Cucullia  asteris  Schiff.;  Deilephila  euphorbia  L.;  Eurrhypara  urticata  L.;  £r«/t- 
oiW»  scutosa  Schiff.;  Hybemia  sp.;  Mamestra  pisi  L.;  Miana  literosa  Hw.; 
Ortholitha  cervinata  Schiff.;  Phragmatobia  fuliginosa  L.;  Plusia  gamma  L.; 
Porthesia  similis  Fflssl.;  Tapvnostola  elymi  Tr.;  Tepkroclystia  virgaureata  Dbld.; 
Thaumetopaa  pinivara  Schiff.;  Vanessa  to  L  ;  F.  polychloros  L.;  F.  i^r<ic«  L.; 
Lophyrus  sp. ;  Nematus  ribesii  Scop. 

DiGONICHiBTA   SETIPENNIS   Fall.: 

Grapholitha  strobHella  L.;  Notodanta  trepida  Eep.;  Pheosia  tremula  CI.  (?);  Por/2- 
cula  awricularia  L. 
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DiGONICHiBTA   SPINIPENNI8  Meig.: 

Lasiocampa  quercus  L.;  Panolis  grUeovariegata  Goeze, 

EUDOROMTIA  MAGNICORNIS  Zett..* 

AgrotU  ep.;  Uadena  adusta  Eep.;  Porthetria  dispar  L. 
Masicera  8YLVATICA  Fall.: 

ApopesUs  spectrum  Eep.;  Cueullia  verbasci  L.;  Deilephila  euphorbix  h,;  D.  gallii 
Rott.;   D.  vespertUio  Eep.;  Dilina  tilise  L.;  Gastropacha  quercifolia  L.;  Lasio- 
campa quercus  L.;  Nonagria  typhliss  Thbg.;  Pieris  hrassicx  L.;  Satunda  pav- 
onia  L.;  S,  pyri  Schiff.;  S.  spinx  Schiff.;  Sphinx  ligustri  L. 
NeMORILLA  NOTABILI8  Meig..' 

Notocoelia  uddmanniana  L.;  Plusia  festucx  L.;  Sylepta  ruralis  Scop.;  Tadnfptylia 
populella  CI. 
Pales  pavida  Meig.: 

Acronycta  tridens  Schiff.;  Agrotis  stigmatica  Hb.;    A.  xanthographa  F.;  Attacus 
cynlhia  L.;  A.  lunula  Fab.;   EriogasUr  catex  L.;  Emphytus  cingUlum  Klug; 
Euproctis  chrysorrhoea  L.;   Orgyia  ericse.  Genn.;  Panolis  griseovariegata  Goeze; 
Pluda  gamma  L. ;  Thaumetopcea  processionea  L. 
Parexorista  (Exorista)  chelonia  Rond.: 

Ammjoconia  csedmacula  Fab.;  Arctia  caja  L.;  A.  hebe  h.;  A.  villicaL.;  Hadena 
secalis  L.;  Macrothylacia  rubi  L.;  Orthosia  pistadna  Fab.;  Phragmatobia  fulir 
ginosa  L. ;  Rhyparia  purpurata  L. ;  SpUosoma  lubricipeda  L. ;  StilpnoHa  salicis  L. ; 
Cimbexfemorata  L. ;  Pamphilius  stellatus  Christ. 
Tachina  larvarum  L.: 

See  host  list  of  foreign  tachinids  recorded  from  P.  dispar. 
Tricholyoa  orandis  Zett.: 

Arctia  caja  L.;  Mamestra  oleracea  L.;  M.  pisi  L.;  Satumia  pavonia  L.;  S.  pyri 
Schiff.;  Sphinx  ligustri  L.;  Thaumetopcea  pityocampa  Schiff.;   Vanessa  io  L. 
Zenillia  libatrix  Panz.: 

See  host  list  of  foreign  tachinids  recorded  as  parasites  of  P.  dispar. 
Zyqobothria  nidicola  Tn.: 

No  record  other  than  at  the  Gipsy  Moth  Parasite  Laboratory. 

Recorded  Hosts  op  Foreign  Tachinids  Recorded  as  Parasitic  on  EupRocna 

CHRT80RRH<BA. 
COMPSILURA   CONCINNATA   Meig.: 

See  list  of  recorded  hosts  of  foreign  tachinids  recorded  as  parasitic  on  P.  dispar. 
EcHiNOMYiA  PRiBCEPs  Meig.: 

Tlemaris  fuciformis  L.;  Euproctis  chrysorrhoea  L 
Erycia  perruginea  Meig.: 

Euproctis   chrysorrhoea   L.;  Melitsea   athalia   Rott.;    M.  aurinia   Rott.;  Porthesia 
similis  Ftissl.;  Vanessa  io  L. 
Pales  pavida  Meig.: 

See  list  of  recorded  hosts  of  foreign  tachinids  reared  from  E.  chrysorrhoea  L. 
Tachina  latifrons  Rond.: 

Euproctis  chrysorrhoea  L.;  Zygaena  filipendulae  L. 
Zenillia  fauna  Meig.: 

Acronycta  rumicis  L.;  Cossus  cossus  L.;  Euproctis   chrysorrhoea    L.:  Smerinthus 
ocellatus  L. 
Zenillia  ubatrix  Panz.: 

See  list  of  recorded  hosts  of  foreign  tachinids  reared  from  E.  chrysorrhoea  L. 
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Naitte  (American)  Tachinids  Reared  from  Euproctis  chrtsorrhoba  L.,  at  the 
QjPBY  Moth  Parasttb  Laboratory. 

BUphmipeza  leucophrys  Wied.  ?  Phorocera  Uucanix  Coq. 

Euphorocera  claripennis  Macq.  Sturmia  discalis  Coq. 

ExoriMa  griseomicans  V.  de  Wulp.  Tachina  mella  Walk. 

N.  B.— The  above  species  have  only  been  reered  very  oocasioiially.  The  species,  however,  doubtfully 
nCened  to  Pkorocera  Utteanim  Coq.  has  been  reared  through  to  the  pupal  stake  in  considerable  numbers. 
These  pupae  have  always  been  imperfect  and  "larvilorm  *'  and  at  the  time  of  writing  none  has  been  reared 
throu^  to  the  adult. 

The  compilation  of  the  catalogue  of  parasites  was  originally  under- 
taken in  the  expectation  that  it  would  prove  of  great  service  upon 
exactly  such  occasions  as  the  present,  when  the  application  of  the 
theory  of  control  by  parasites  should  be  put  to  the  test.  Its  value 
naturally  depended  upon  the  accuracy  of  the  original  records,  and  it 
was  only  right  to  suppose  that  in  the  majority  of  instances  these 
could  be  depended  upon.  It  was  equally  natural  to  suppose  that 
the  parasitic  faima  of  such  common,  conspicuous,  and  widely  dis- 
tributed insects  as  the  gipsy  moth  and  the  brown-tail  moth  would 
be  well  represented  in  these  lists,  which  were  based  upon  a  thorough 
overhauling  of  European  literature*,  and  it  was  not  expected  that  any 
parasites  of  particular  importance  would  be  foimd  which  were  not 
thus  recorded,  unless,  indeed,  they  were  confined  to  Continental  Asia 
or  to  Japan. 

In  the  fall  of  1907,  as  soon  as  the  turmoil  of  his  first  summer's 
work  permitted,  the  junior  author  attempted  to  make  use  of  the 
numerous  bibliographical  references  for  the  purpose  of  learning  as 
much  as  possible  of  the  insects  with  which  he  was  to  deal.  One 
after  another,  various  species  were  taken  up,  until  he  was  in  possession 
of  practically  all  of  the  published  information  concerning  perhaps 
half  of  the  Hymenoptera  listed.  Then  he  stopped,  because  the 
information  thus  gained  was  obviously  not  worth  the  labor.  It  was 
not  so  much  that  recorded  information  was  scanty,  or  lacking  in 
mterest,  but  it  was  because  in  a  great  many  instances  it  was  contra- 
dictory to  the  results  of  the  actual  rearing  work  which  had  been 
carried  on  in  the  laboratory  throughout  the  summer.  It  was  obviously 
impossible  to  accept  everything  at  its  face  value,  and  apparently 
next  to  impossible  to  choose  between  the  true  and  the  false.  But 
one  thing  remained  to  be  done,  and  that  was  to  determine  at  first 
hand  everything  which  it  was  necessary  to  know  concerning  the 
numerous  species  of  parasites  which  it  was  desired  to  introduce  into 
America. 

If  the  list  of  parasites  which  have  been  reared  at  the  laboratory 
from  imported  ^gs,  caterpillars,  and  pupae  of  the  gipsy  moth  and 
the  brown-tail  moth  be  compared  with  the  lists  which  have  already 
been  given,  ^he  numerous  and  obvious  differences  which  are  immedi- 
ately apparent  will  serve  better  than  words  to  illustrate  the  situation 
which  confronted  us  at  the  close  of  the  season  of  1907. 
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B8TABIJ8HKBNT  AND  DI8PEBSION  OF  THB  NEWLY  INTBODXTCBD 

PA&A8ITBS. 

In  the  begiiming  we  were  very  far  from  accrediting  to  that  phase 
of  the  project  which  has  to  do  with  the  estabhshment  and  dispersion 
of  the  newly  introduced  parasites  the  importance  which  it  deserved. 
Many  widely  diverse  species  of  insects  were  known  to  have  been 
introduced  from  the  Old  World  and  firmly  established  in  America. 
Presmnably  they  were  accidentally  imported,  as  was  the  case  with 
the  gipsy  moth  and  the  brown-tail  moth;  presumably,  also,  they  had 
spread  and  increased  from  a  small  beginning,  at  fiirst  very  gradually 
and  later  more  rapidly,  imtil  they  had  become  component  parts  of  the 
American  faima  over  a  wide  territory.  The  circumstances  under 
which  the  gipsy  moth  was  imported  were  well  known,  and  a  good 
guess  had  been  made  as  to  those  which  resulted  in  the  introduction 
of  the  brown-tail  moth.  But  these  were  and  are  rare  exceptions  in 
this  respect,  and  for  the  most  part  the  preliminary  chapters  in  the 
story  of  each  of  the  insect  immigrants  never  have  been  and  probably 
never  will  be  written. 

Because  the  two  very  conspicuous  instances  of  the  gipsy  moth  and 
the  brown-tail  moth  were  constantly  and  automatically  recurring 
whenever  the  probable  futiu'e  of  the  intentionally  introduced  para- 
sites was  considered,  it  was,  perhaps,  taken  a  Uttle  too  much  for 
granted,  that  they  were  to  be  considered  as  typical  and  significant 
of  what  to  expect.  In  each  instance  the  invasion  started  from  a 
small  beginning,  and  while  the  subsequent  histories  were  different, 
the  more  rapid  spread  of  the  brown-tail  moth  was  directly  due  to  the 
fact  that  the  females  were  capable  of  flight,  and  the  relatively  slow 
advance  of  the  gipsy  moth  into  new  territory  to  the  reverse.  Even 
the  brown-tail  moth  was  for  some  years  confined  to  a  comparatively 
limited  area,  and  it  was  rather  expected  that  the  parasites,  if  they 
established  themselves  at  all,  would  remain  for  a  similar  period  in  the 
immediate  vicinity  of  the  localities  where  they  were  first  given  their 
freedom. 

Accordingly,  in  accepting  this  theory  without  submitting  it  to  a 
test,  attempts  were  made  to  encompass  the  rapid  dissemination  of  the 
parasites  coincidently  with  their  introduction.  In  1906  and  1907 
the  parasites  which  were  reared  from  the  imported  material  were 
mostly  Hberated  in  small  and  scattered  colonies.  In  a  few  instances 
this  procedure  was  the  best  which  could  have  been  adopted;  in  others 
the  worst.  Small  colonies  of  Calosoma,  for  example,  remained  for 
several  years  in  the  immediate  vicinity  of  the  point  where  the  parent 
beetles  were  first  hberated  before  any  material  dispersion  was  appar- 
ent (see  PL  XXIV),  and  the  small  colony  was  thus  justified. 
The  gipsy-moth  egg  parasite  Anastatus,  as  was  later  determined. 
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spreads  at  a  rate  of  but  a  few  hundred  feet  per  year,  and  if  it  is  to 
become  generally  distributed  throughout  the  gipsy-moth-infested 
area  within  a  reasonable  time,  natural  dispersion  must  be  assisted  by 
artificial. 

These,  however,  are  both  exceptions.  In  the  case  of  Monodonto- 
menis,  and  perhaps  of  other  parasites,  gregarious  in  their  habit,  it  is 
not  only  conceivable  but  probable  that  a  single  fertilized  female 
would  be  sufficient  to  establish  the  species  in  a  new  coimtry,  because 
the  union  between  the  sexes  is  effected  within  the  body  of  the  host 
in  which  they  were  reared.  No  matter  how  far  a  female  may  range 
and  no  matter  how  widely  separated  the  victims  of  her  maternal 
instincts,  her  progeny  will  rarely  die  without  each  finding  its  mate. 
Species  having  such  habits  are  eminently  well  fitted  to  establish 
themselves  wherever  they  secure  foothold,  even  in  the  smallest 
numbers,  and  the  small  colony  is  again  justified. 

Many  of  the  hymenopterous  parasites,  and  very  Ukely  all  of  them, 
are  capable  of  parthenogenetic  reproduction,  and  here  again  is  a  factor 
which  becomes  of  considerable  importance  in  this  connection.  Some 
few  of  these  are  thelyotokous  (bearing  females  only)  and  as  such  are 
eminently  well  fitted  to  establishment  in  a  new  country  imder  other- 
wise unsatisfactory  conditions.  Most  are  arrhenotokous  (bearing 
males  only),  and  such  are  probably  better  fitted  to  estabUshment 
than  would  be  the  case  if  the  species  were  wholly  incapable  of  par- 
thenogenetic reproduction.  It  has  been  proved,  for  example,  that 
a  single  female  of  a  strictly  arrhenotokous  species,  may,  through 
fertilization  by  her  own  parthenogenetically  produced  offspring, 
become  tlie  progenetrix  of  a  race  the  vigor  of  which  appears  not  to 
be  immediately  affected  by  the  fact  that  their  continued  multipUca- 
tion  must  be  considered  as  the  closest  form  of  inbreeding. 

Whenever  opportunity  has  offered  the  abihty  of  the  various 
species  to  reproduce  pathenogenetically  has  been  studied,  and  many 
interesting  and  some  peculiar  facts  have  been  discovered  which,  it  is 
hoped,  will  serve  as  the  subject  for  a  technical  paper  later  on.  This 
power  appears  to  be  confined  to  the  Hymenoptera,  however,  and  the 
tachinid  parasites,  like  their  hosts,  are  rarely  or  perhaps  never 
parthenogenetic. 

When  continued  existence  of  an  insect  in  a  new  country  is  de- 
pendent upon  the  mating  of  isolated  females  it  is  at  once  evident 
that  it  is  also  dependent  upon  the  rapidity  of  dispersion  and  upon  the 
number  of  individuals  which  are  comprised  in  the  original  colony. 
One  of  the  most  constant  sources  of  surprise  is  in  the  rapidity  with 
which  the  parasites  disperse.  One,  Monodontomerus,  has  undoubt- 
edly extended  its  range  for  more  than  200  miles  in  the  course  of  the 
five  years  which  have  elapsed  since  its  liberation,  and  there  is  no 
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reason  to  believe  that  others  among  the  introduced  species  will  not 
disperse  at  an  equal  rate,  once  they  are  sufficiently  well  established. 

But  Monodontomerus  is  eminently  well  fitted  for  dispersion,  and 
its  case  is  altogether  different  from  that  of  a  tachinid  which  is  de- 
pendent upon  sexual  reproduction  for  the  continuation  of  the  spe- 
cies. A  few  hundred  individuals,  spreading  rapidly  toward  all 
points  of  the  compass,  soon  become  widely  scattered,  and  it  is,  and 
will  remain  for  a  long  time,  a  question  just  how  rare  an  insect  may 
be  and  each  individual  still  be  able  to  find  its  mate.  That  the  indi- 
viduals of  the  first  colonies  of  many  of  the  tachinid  parasites  scat- 
tered so  widely  as  to  make  the  mating  of  the  next  generation  purely 
a  matter  of  chance  and  of  rare  occurrence  is  now  accepted  as  well 
within  the  bounds  of  probability. 

The  first  serious  doubts  as  to  the  wisdom  of  the  policy  of  the  small 
colony  were  felt  in  1907,  and  beginning  with  June  of  that  year  larger 
colonies  were  planted  in  the  instance  of  every  species  than  had  been 
the  practice  up  to  that  time.  In  the  fall  of  1908  the  recovery  of 
Monodontomerus  over  a  wide  territory  lent  strength  to  these  half- 
formed  convictions,  and  when,  during  1909  and  1910,  one  after 
another  of  the  various  parasites  were  recovered  under  circumstances 
which  were  in  most  cases  essentially  similar,  all  doubts  vanished  as 
to  the  wisdom  of  the  course  finally  adopted.  At  the  present  time 
there  is  no  more  inexorable  rule  governing  the  conduct  of  the  labora- 
tory than  that  establishment  of  a  newly  introduced  parasite  is  first 
to  be  secured,  while  dispersion,  if  later  developments  prove  that  it 
can  be  artificially  aided,  comes  as  a  wholly  secondary  consideration. 
For  the  most  part,  however,  dispersion  may  be  left  to  take  care  of 
itself. 

An  even  larger  appreciation  of  the  necessity  for  strong  colonies 
has  been  reached  during  the  present  winter  (1910-11),  coincidently 
with  the  results  of  the  scouting  work  for  Monodontomerus  and 
Pteromalus  in  the  brown-tail  moth  hibernating  nests.  (See  maps, 
Pis.  XXII,  XXV.)  The  details  will  not  be  given  in  this  imme- 
diate connection,  but  they  will  be  found  later  on  in  connection 
with  the  discussion  of  these  species.  It  is  sufficient  at  this  time  to 
say  that  the  circumstances  under  which  the  Pteromalus  was  recov- 
ered after  the  lapse  of  two  years  following  its  colonization  were  such 
as  to  cast  doubts  upon  the  conclusions  which  had  been  tentatively 
reached  concerning  the  inability  of  certain  other  species  to  exist  in 
America,  and  their  possible  significance  had  something  to  do  with 
the  decision  to  continue  the  work  of  parasite  importation  along 
wholly  different  lines  in  1911.  It  may  be,  after  all,  that  40,000 
individuals  of  Apantdes  fulvipes  are  not  enough  to  make  one  good 
colony. 
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DISBASE  AS  A  FACTOB  IN  THE  NATT7BAL  CONTBOL  OF  THE  OIPSY 
MOTH  AND  THE  B&OWN-TAH.  MOTH. 

In  continuing  this  work  consideration  must  be  given  to  the  proba- 
ble effect  which  the  prevalence  of  disease  would  possibly  have  in  the 
reduction  of  the  gipsy  moth  and  the  brown-tail  moth  to  the  ranks 
of  ordinary  rather  than  of  extraordinary  pests.  In  America,  as  is 
generaUy  well  known,  the  brown-tail  moth  is  annually  destroyed  to 
an  extraordinary  extent  as  the  result  of  an  epidemic  and  specific 
fungous  disease,  while  the  gipsy  moth  is  frequently  subjected  to  very 
material  diminution  of  numbers  through  a  much  less  well  known 
affection  popularly  known  as  "the  wilt,"  apparently  similar  to  the 
silkworm  disease  "flacherie." 

In  more  respects  than  one  the  prevalence  of  these  diseases  has 
been  inimical  to  the  prosecution  of  the  parasite  work.  In  the  be- 
ginning, when  it  was  expected  that  the  parasites  would  remain  in 
the  immediate  vicinity  of  the  locaHties  where  they  were  first  given 
their  freedom,  great  pains  were  taken  to  provide  colony  sites  in 
situations  where  the  caterpillars  were  not  only  common  but  where 
there  was  reason  to  believe  that  they  would  remain  healthy  for  at 
least  one  or  two  years.  This  was  an  exceedingly  difficult  matter, 
and  one  which  was  the  cause  of  more  troubles,  doubts,  and  fears 
during  1907  and  1908  than  almost  any  other  phase  of  the  parasite 
work. 

With  the  final  recognition  of  the  great  superiority  of  the  large  col- 
ony, which  came  about  through  a  better  knowledge  of  the  powers  of 
rapid  dispersion  possessed  by  the  parasites,  this  seeming  obstacle  to 
success  wholly  disappeared,  except  in  the  case  of  such  parasites  as 
Anastatus,  which  actually  did  remain  in  the  spot  where  they  were 
placed,  and  which  could  not  travel  beyond  a  certain  limited  radius, 
no  matter  how  great  the  necessity. 

At  the  present  time  the  association  with  the  parasite  problem  of 
the  otherwise  wholly  separate  question  of  disease  as  a  factor  in 
the  control  of  the  gipsy  moth  and  the  brown-tail  moth  is  entirely 
confined  to  speculations  as  to  the  probable  future  of  these  pests,  pro- 
vided their  control  is  left  to  disease  alone.  If,  as  is  conceivable, 
effective  control  is  exerted  through  disease,  further  importation  of 
parasites  is  rendered  not  only  needless  but  wholly  undesirable.  If, 
on  the  contrary,  such  control  is  likely  to  be  inefficient,  from  an  eco- 
nomic standpoint,  every  effort  should  be  exerted  to  make  the  parasite 
work  a  success.  In  other  words,  the  decision  as  to  the  adoption  of  a 
policy  for  the  future  conduct  of  the  activities  of  the  laboratory 
depended  very  largely  upon  whether  or  not  disease  seemed  likely  to 
become  effective  in  the  case  of  the  trfore  important  of  tlie  two  pests. 
The  fact  that  the  present  plans  provide  for  the  continuation  of  the 
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work  along  even  more  energetic  lines  than  in  the  past  indicates  suffi- 
ciently well  the  character  of  the  decision  finally  reached. 

This  is  not  the  place  for,  nor  are  the  writers  prepared  to  enter 
into,  a  discussion  of  tlie  caterpillar  diseases  of  the  gipsy  moth  and 
the  brown-tail  moth,  but  it  is  perhaps  not  out  of  place  to  recount 
some  of  the  incidents  which  have  been  taken  into  consideration  in 
the  present  instance.  In  this,  as  in  many  others  similar  in  character, 
the  brown-tail  moth  has  largely  been  ignored,  owing  to  its  being 
generally  considered  as  the  lesser  pest  of  tlie  two.  As  frequently 
before,  the  work  upon  the  brown-tail  moth  parasites,  although 
pursued  quite  as  actively  as  that  upon  the  parasites  of  the  gipsy- 
moth;  was  relegated  to  a  secondary  position. 

Very  little  has  been  published  concerning  the  gipsy-moth  cater- 
pillar disease  previously  to  1907,  wlien  the  junior  author  first  had 
opportunity  to  famiharize  liimself  with  the  situation  at  first  hand. 
It  was  to  him  a  novelty  when,  early  in  the  summer  of  that  year, 
wholesale  destruction  of  tlie  half-grown  caterpillars  was  first  noticed 
in  numerous  localities  before  they  had  succeeded  in  effecting  the  com- 
plete defoliation  of  the  trees  and  shrubs  upon  wliich  they  were  feeding. 
In  all  its  essential  characters  tlie  disease  was  similar  to  that  wluch 
had  swept  over  tlie  army  of  tent  caterpillars  wliich  were  defoliating 
the  apple  and  cherry  trees  in  southern  New  Hampsliire  in  1898, 
as  recounted  in  the  bulletin  upon  the  parasites  of  that  insect,  pub- 
lished as  No.  5  in  the  Technical  Series  of  the  New  Hampshire  Agri- 
cultural Experiment  Station.  It  was  believed  of  this  disease,  at 
the  time  when  these  investigations  were  being  conducted,  that  it 
was  infectious,  since  the  inhabitants  of  whole  nests  would  all  perish 
simultaneously.  At  the  same  time,  its  infectious  or  contagious 
nature  was  not -established. 

On  tlie  supposition  that  the  disease  of  the  tent  caterpillar  was 
infectious,  and  that  that  of  the  gipsy-moth  caterpillars  was  similar 
in  character,  it  looked  for  a  time  as  though  the  parasite  work  was 
destined  to  an  untimely  end  through  the  destruction  of  the  gipsy- 
moth  caterpillars  before  the  parasites  had  opportunity  to  establish 
themselves  and  increase  to  the  point  of  efficacy.  Neither  was 
there  anything  observed  during  the  summer  of  1907  to  render  this 
supposition  untenable,  except  (and  from  an  economic  standpoint  the 
exception  was  one  of  grave  importance)  the  fact  that,  taking  the 
infested  area  as  a  whole,  there  was  a  tremendous  increase  in  the 
number  of  egg  masses  of  the  gipsy  moth  in  the  fall  of  1907  over  the 
number  which  had  been  present  the  previous  spring. 

There  did  not  seem  to  be  any  particular  reason  why  the  disease 
should  not  increase  in  effectiveness  as  time  passed  on,  however,  and 
when  in  the  spring  of  1908  myriads  of  caterpillars  in  the  first  stage 
were  found  ^' wilting'^  in  the  forests  in  Melrose,  and  when  just  a  little 
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later  practically  every  caterpillar  was  destroyed  in  one  particular 
locality  which  had  been  selected  as  a  good  place  for  the  very  first 
colony  of  AparUeles  fulvipes,  there  seemed  to  be  reason  to  hope  for 
speedy  relief  through  disease.  About  this  time  these  hopes  were 
rudely  shattered  by  the  failure  of  several  attempts  to  demonstrate 
the  infectious  or  contagious  nature  of  the  disease  through  experi- 
ments carried  on  at  the  laboratory.  Its  noncontagious  nature  was 
further  indicated  by  the  fact  that  it  did  not  spread  across  a  narrow 
roadway  near  the  laboratory,  one  side  of  which  was  swarming  with 
djing  caterpillars,  while  the  other  was  peopled  with  an  alarming 
but  not  destructive  abundance  of  healthy  ones.  It  appeared,  after 
aU,  as  though  the  views  often  expressed  by  Mr.  A.  H.  Kirkland  (at 
that  time  superintendent  of  the  moth  work  in  Massachusetts)  to  the 
effect  that  the  disease  was  nothing  more  than  the  natural  concomi- 
tant of  overpopulation,  and  that  an  insufficient  or  unsuitable  food 
supply  was  the  true  explanation  of  its  prevalence,  were  right.  That 
it  was  not  to  be  depended  upon  for  immediate  results  was  certain 
when,  at  the  close  of  1908,  a  further  alarming  and  apparently  an 
unaffected  increase  in  the  distribution  and  abundance  of  the  gipsy 
moth  in  Massachusetts  and  New  Hampshire  was  found  to  have  taken 
place  wherever  conditions  were  not  such  as  to  render  destruction 
through  disease  the  only  thing  which  saved  the  gipsy  moth  from 
extinction  through  starvation,  or  where  active  hand  suppression  work 
had  not  been  undertaken. 

In  1909,  and  again  in  1910,  observations  upon  the  progress  of  the 
disease  were  made  almost  daily  throughout  the  caterpillar  season. 
It  was  no  longer  looked  upon  as  a  serious  obstacle  to  the  success  of 
the  parasite  work,  except  as  it  interfered  (as  it  frequently  did  most 
seriously)  with  the  work  of  colonizing  Anastatus,  and  to  a  lesser 
extent  Calosoma.  It  was  also,  as  ever,  the  cause  of  serious  trouble 
whenever  attempts  were  made  to  feed  caterpillars  in  the  laboratory 
in  confinement. 

The  disease  acquired  new  interest,  however,  through  the  gradual 
accumulation  of  evidence  tending  to  support  tlie  theory  that  it  was 
either  transmissible  from  one  generation  to  another  through  the  egg 
or  that  a  tendency  to  contract  it  was  thus  transmitted. 

Recognition  of  this  characteristic  through  cumulative  evidence 
resulting  from  more  occasional  or  specific  observations  than  it  would 
be  possible  to  review  at  this  time,  was  accompanied  by  the  almost 
equally  apparent  fact  that  the  disease  was  becoming  slightly  more 
effective  at  a  somewhat  earlier  stage  in  the  progress  of  a  colony  of 
the  gipsy  moth  following  its  establishment  in  a  new  locality.  It 
was  found,  for  example,  in  New  Hampshire  in  colonies  which  had 
barely  reached  the  stripping  stage.  A  few  years  before  the  cater- 
pillars composing  such  colonies  would  naturally  have  migrated  from 
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the  stripped  trees  to  others  in  the  vicinity,  and  it  is  an  unmistakable 
fact  that  such  migrations,  wliich  have  several  times  been  mentioned 
in  the  earlier  reports  of  the  State  superintendent  of  moth  work,  are 
now  decidedly  less  frequent,  even  without  taking  into  consideration 
the  greater  territory  throughout  which  the  moth  is  now  present  in 
destructive  abundance.  Although  the  junior  author  has  personally 
visited  large  numbers  of  outlying  colonies  of  the  moth  in  the  course 
of  1908,  1909,  and  1910,  he  has  yet  to  see  one  in  which  the  disease 
had  not  appeared  coincidently  with  the  development  of  the  colony 
to  the  stripping  stage,  if  not  slightly  in  advance  of  that  time. 

It  is  probably  safe  to  say  that  such  conditions  as  are  described  in 
the  first  annual  report  of  the  superintendent  of  moth  work  as  pre- 
vailing over  a  large  territory  in  the  old  infested  section  during  1904 
and  1905,  will  probably  not  immediately  recur  in  the  history  of  the 
gipsy  moth  in  eastern  Massachusetts.  That  something  approaching 
this  may  result  in  parts  of  New  Hampshire  is  well  within  the  bounds 
of  probabiUty,  and  that  the  conditions  will  be  very  bad  in  that  State 
during  the  course  of  the  next  few  years  as  well  as  in  some  of  the 
towns  in  Massachusetts  may  be  accepted  as  most  probable.  What- 
ever may  be  the  condition  presented  by  the  older  infested  sections 
in  eastern  Massachusetts  five  or  ten  years  from  now,  the  only  hope 
of  preventing  an  ever-increasing  wave  of  destruction  from  spreading 
over  western  Massachusetts,  across  New  Hampshire  and  Vermont, 
and  over  the  border  into  the  State  of  New  York,  seems  to  lie,  as 
always,  in  an  increasing  expenditure  for  hand  suppression  or  in  the 
success  of  the  experiment  in  parasite  introduction.  Through  the 
methods  now  in  operation  it  is  probable  that  the  pest  will  very  largely 
be  prevented  from  making  long  *^  jumps,*'  which  would  otherwise 
have  been  of  frequent  occurrence,  but  the  slower  and  more  steady 
natural  spread,  through  the  agency  of  wind,  and  probably,  when  the 
headwaters  of  the  Connecticut,  Hudson,  and  Ohio  are  reached,  by 
water,  must  be  considered  in  every  attempt  to  discount  the  future. 
It  was  taken  into  consideration  when  the  future  of  the  parasite  work 
was  decided  upon. 

In  the  course  of  the  studies  of  the  parasites  and  parasitism  of  native 
insects  which  have  been  undertaken  in  connection  with  those  of  the  para- 
sites of  the  gipsy  moth  and  the  brown-tail  moth,  no  less  than  three  spe- 
cies have  been  encountered  which  are  controlled  to  some  extent  by  a 
disease  which  bears  a  very  close  superficial  resemblance  to  the  "wilt" 
of  the  gipsy  moth.  These  are  the  white-marked  tussock  moth,  the 
tent  caterpillar,  and  the  "pine  tussock  moth/* 

The  white-marked  tussock  moth  (Hemerocampa  leucosHgma  S.  &  A.) 
is  well  known  as  a  defoUating  pest  in  cities,  and  has  been  so  abundant 
as  at  times  to  become  a  rival  of  the  gipsy  moth  in  its  destructive 
capacities  in  certain  of  the  larger  cities  in  southeastern  New  England. 
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It  is  very  subject  to  a  "  wilt "  disease,  and  no  colony  has  been  observed 
which  has  reached  such  proportions  as  to  threaten  the  defohation  of 
street  trees  in  which  the  disease  has  not  appeared.  In  one  instance 
the  disease  was  so  prevalent  as  to  destroy  practically  all  of  the  cater- 
pillars, and,  as  in  the  case  of  the  gipsy  moth,  the  scattering  caterpillars 
which  hatched  from  the  eggs  deposited  by  the  few  survivors  were 
seriously  affected  the  following  year,  notwithstanding  the  presence  of 
an  abundance  of  food.  Furthermore,  caterpillars  hatching  from 
egga  collected  in  this  and  similar  colonies  removed  to  the  country 
where  the  few  native  caterpillars  to  be  found  have  always  been  remark- 
ably healthy,  perished  through  the  "  wilt "  exactly  as  though  they  had 
hatched  in  the  city. 

Nevertheless,  the  white-marked  tussock  moth  has  been  for  long,  is 
now,  and  probably  wiD  remain  the  worst  defoUating  insect  enemy  of 
such  trees  as  the  horse  chestnut,  maple,  sycamore,  etc.,  in  strictly  urban 
commimities  in  the  Eastern  States  generally.  It  does  not  appear  un- 
reasonable to  suppose  that  the  gipsy  moth  may  similarly  continue  to  be 
a  pest  in  spite  of  the  disease.  As  a  matter  of  fact,  every  observation 
which  has  been  made  upon  either  the  fungous  disease  of  the  brown- 
tail  moth  caterpillars,  the  wilt  disease  of  the  gipsy-moth  caterpillars, 
or  diseases  of  other  defohating  caterpillars,  such  as  that  of  the  white- 
marked  tussock  moth ,  the  tent  caterpillar,  and  the  * '  pine  tussock  moth , ' ' 
has  tended  to  confirm  the  conclusion  that  such  insect  epidemics  rarely 
play  more  than  the  one  r61e  in  the  economy  of  nature.  They  do  not 
prevent  an  insect  from  increasing  to  an  extent  whichrenders  it  a  pest, 
but  they  may,  and  frequently  do,  render  very  efficient  service  in  effect- 
ing a  wholesale  reduction  in  the  abundance  of  such  insects  when  other 
agencies  fail.  When  the  insect  in  question  is  ordinarily  controlled 
by  parasites,  as  appears  to  be  the  case  with  the  white-marked 
tussock  moth,  the  ''pine  tussock  moth/'  etc.,  it  is  probable  that  a 
long  time  will  elapse  before  it  will  again  encounter  the  combination  of 
favorable  circumstances  which  make  possible  abnormal  increase. 

When,  as  with  the  white-marked  tussock  moth  in  cities,  the  tent  cat- 
erpillar in  southeastern  New  England,  or  the  brown-tail  moth  and  gipsy 
moth  in  America,  adequate  control  by  parasites  is  lacking,  reduction 
in  numbers  through  disease  is  not  likely  to  result  in  more  than  tem- 
porary reUef.  The  more  complete  the  destruction  wrought  by  the 
insect  the  longer  the  period  which  must  necessarily  elapse  before  it 
again  reaches  the  state  of  destructive  abundance  and,  looking  at  it 
from  this  standpoint,  it  is  not  unUkely  that  the  gipsy  moth  is  much 
more  abundant  at  the  present  time  than  it  would  have  been  had  it 
not  been  for  the  prevalence  of  disease.  There  are,  each  year,  an 
abundance  of  locaUties  where  the  destruction  of  a  great  majority  of 
the  caterpillars  by  disease  has  been  the  only  thing  which  has  saved  the 
whole  race  from  complete  extinction  in  that  locality  through  con- 
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sumption  of  the  entire  supply  of  available  food  before  growth  was 
completed.  Under  such  circumstances  the  disease  has  been  of  posi- 
tive benefit  to  the  gipsy  moth,  rather  than  the  reverse. 

STUDIES  IN  THE  PARASITISM  OF  NATIVB  INSECTS. 

Among  a  considerable  number  and  variety  of  native  insects  studied 
at  the  laboratory  which  resemble  the.  gipsy  moth  in  habit,  or  which 
are  more  or  less  closely  alUed  to  it  in  their  natural  affinities,  no  two 
have  been  found  in  the  economy  of  which  parasitism  has  played  an 
exactly  similar  r6le.  There  is  this  to  be  said,  however,  that  only  one 
amongst  them,  and  this  the  tent  caterpillar,  appears  to  be  ineffectually 
controlled  by  parasitism,  except  under  unusual  circumstances. 

Several  very  beautiful  examples  of  control  by  parasites  have  been 
encountered  in  the  course  of  these  investigations,  and,  comparatively 
speaking,  the  exceptional  instances  in  which  parasites  lose  control 
through  one  reason  or  another  are  exceedingly  rare.  Such  instances 
are  usually,  if  not  inevitably,  accompanied  by  a  conspicuous  outbreak 
of  the  insect  in  question. 

The  destructiveness  of  the  white-marked  tussock  moth  in  cities  is 
apparently  due  to  the  fact  that  it  is  peculiarly  adapted  to  life  under 
an  urban  environment.  It  is  an  arboreal  insect,  and  one  which  is  pre- 
vented through  the  winglessness  of  its  females  from  dispersing  over 
the  country  as  the  brown-tail  moth,  for  example,  would  do  under  simi- 
lar circumstances.  Its  parasites,  on  the  other  hand,  are  not  always 
fitted  for  a  peculiarly  arboreal  existence.  Many  of  them  are  partially 
terrestrial,  and  in  addition  they  are  strong  upon  the  wing. 

Most  of  the  introduced  parasites  of  the  gipsy  moth  and  brown-tail 
moth  which  are  known  to  have  estabUshed  themselves  in  America  are 
known  to  be  dispersing  at  a  rapid  rate.  Several  of  them  have  been 
reared  as  parasites  of  the  white-marked  tussock  moth  from  cater- 
pillars or  pupae  collected  under  urban  surroundings,  and  since  we 
have  positive  proof  of  their  wandering  habits  there  is  every  reason  to 
believe  that  the  native  parasites  of  the  tussock  moth  possess  similar 
characteristics.  That  is  to  say,  instead  of  staying  within  the  limited 
area  in  which  their  host  abounds,  they  are  likely  to  scatter  throughout 
the  country  immediately  following  the  completion  of  their  transforma- 
tions. They  are  neither  fitted  for  continued  existence  in  the  city  to 
the  degree  which  is  characteristic  of  their  host,  nor  are  they  compelled, 
like  it,  to  accept  it  when  they  find  themselves  city-bom  through 
chance  ancestral  wanderings. 

Every  season's  observations  (and  for  four  consecutive  years  the 
tussock  pioth  has  received  more  than  a  modicum  of  attention)  has 
added  arguments  to  support  the  contention  that  the  white-marked 
tussock  moth  is  controlled  in  the  country  through  parasitism  and  not 
by  birds  or  other  predators.     In  any  event  it  is  controlled  to  such  an 
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extent  as  to  have  made  a  study  in  parasitism  under  strictly  rural  con- 
ditions very  difficult,  except  when  eggs  or  caterpillars  have  been  arti- 
ficially colonized  for  the  purpose. 

The  outbreak  of  the  Heterocampa  in  New  Hampslure  and  Maine  is 
another  exceptional  instance.  In  many  respects  the  results  of  the 
relatively  limited  study  given  to  this  insect  were  the  most  remarkable 
of  any,  since  there  was  offered  what,  to  the  writers,  was  the  unique 
spectacle  of  unrestricted  increase  being  checked  through  starvation 
without  the  intervention  of  disease.  Notwithstanding  the  fact  that 
the  abundance  of  this  insect  was  so  great  as  to  bring  about  complete 
defoliation  of  its  favored  trees  over  a  very  wide  area,  not  a  sign  of  dis- 
ease was  observed  in  the  fall  of  1909  in  forests  where  miUions  of  cater- 
pillars were  literally  starving  to  death.  The  final,  thoroughly  effect- 
ive, and  miraculously  complete  subjugation  of  the  outbreak,  which 
resulted  in  the  insect  dropping  from  the  abundance  above  mentioned 
to  what  is  perhaps  less  than  its  normal  numbers  in  the  course  of  a 
single  year,  has  already  been  described  in  a  paper  which  appeared  in  a 
recent  number  of  the  Journal  of  Economic  Entomology.  There  is 
every  reason  to  beUeve  that  it  was  entirely  the  result  of  insect  enemies, 
including  both  parasites  and  a  predaceous  beetle,  which  latter, 
through  its  abUity  to  increase  abnormally  at  the  direct  expense  of 
that  particular  insect,  played  a  r6le  exactly  comparable  to  that  of  the 
true  facultative  parasites.  Such  another  outbreak  of  Heterocampa 
has  never  been  known,  and  it  is  probable  that  it  will  be  very  many 
years  before  a  combination  of  conditions  makes  its  repetition  possible. 
It  is  altogether  probable  that  during  this  period  the  parasites  will 
remain  in  full  control. 

A  third  exceptional  instance  is  the  present  outbreak  of  the  "pine 
tussock  moth*'  in  Wisconsin.  This  interesting  and,  as  it  has  proved 
itself,  potentially  destructive  insect  is  decidedly  rare  in  Massachusetts, 
but  notwithstanding  its  scarcity  a  sufficient  number  was  collected 
in  1908  and  1909  to  make  possible  a  study  of  its  parasites.  Para- 
sitism to  an  extent  rarely  exceeded  amongst  leaf-feeding  Lepidoptera 
was  found  to  be  existent,  and  it  is  safe  to  say  that  had  it  not  been  for 
its  parasites  the  host  would  have  increased  at  least  fivefold  or  six- 
fold in  1909  over  the  numbers  which  were  present  in  1908.  Such  a 
rate  of  increase,  if  continued,  would  have  placed  it  among  the  ranks 
of  destructive  insects  in  a  very  few  years,  and  it  appears  that  some- 
thing of  this  sort  actually  occurred  in  northern  Wisconsin.  There, 
some  years  ago,  it  reached  a  stage  of  abundance  which  resulted  in 
partial  or  complete  defoUation  of  pine  throughout  a  considerable 
territory  and,  as  was  expected,  a  relatively  small  percentage  of  the 
caterpillars  and  pupae  were  found  to  be  parasitized.  Existing  para- 
sitism in  1910  was  not  sufficiently  effective  to  prevent  its  increase 
to  a  point  which  would  have  made  complete  defoUation  of  its  food 
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plant;  and  consequently  its  death  through  starvation,  an  accomplished 
fact  had  its  abundance  not  been  reduced  through  the  prevalence  of  a 
disease  superficially  similar  to  the  "wilt"  of  the  gipsy  moth. 

The  fall  webworm  is  generally  a  common  and  abundant  insect  in 
New  England,  but  rarely  as  common  or  abundant  as  it  frequently 
becomes  in  the  South.  An  elaborate  study  of  its  parasites  and  the 
effect  which  parasitism  apparently  played  in  effecting  its  control  was 
made  in  the  fall  of  1910,  with  interesting  results.  It  was  found  that 
the  prevailing  percentage  of  parasitism  was  sufficient  to  offset  an 
increase  of  no  less  than  fourfold  annually,  and  even  at  that  there  is 
reason  to  beUeve  that  our  results  err  on  the  side  of  conservatism. 
The  eUmination  of  these  parasites  for  a  very  short  period  of.  years 
would  undoubtedly  be  followed  by  an  increase  of  the  host  comparable 
to  that  of  the  gipsy  moth. 

The  one  insect  studied  at  the  laboratory  which  appears  habitually 
and  imder  its  normal  environment  to  become  so  unduly  abundant 
as  to  invite  destruction  through  disease  at  regular  intervals  is  the 
tent  caterpillar. 

In  the  report  upon  its  parasites,^  it  was  contended  that  they  played 
a  part  subservient  to  that  taken  by  the  disease,  and  this  statement 
drew  forth  some  criticism  at  the  time  of  its  pubUcation.  It  is  a 
satisfaction  to  note  that  the  original  contention  appears  to  be  upheld 
by  the  results  of  studies  conducted  at  the  gipsy-moth  parasite  labora- 
tory. These  results  seem  to  justify  the  further  contention  that  the 
present  status  of  the  tent  caterpillar  is,  in  a  way,  prophetic  of  that 
which  would  result  were  the  gipsy  moth  to  be  left  to  the  control 
of  its  disease. 

At  frequent  but  irregular  intervals  the  tent  caterpillar  increases 
to  such  an  extent  as  to  become  a  pest,  and  unless  artificially  checked 
it  defohates  fruit  trees  in  southern  New  England.  That  it  never 
reaches  the  destructiveness  characteristic  of  the  gipsy-moth  invasion 
is  seemingly  due  to  difference  in  habit.  As  is  well  known,  the  gipsy- 
moth  caterpillar  is  almost  an  omnivorous  feeder  and  the-female  moth 
is  incapable  of  flight.  Its  eggs  are  deposited  indiscriminately  in 
every  conceivable  place  to  which  a  caterpillar  or  moth  can  gain 
access.  The  adult  of  the  tent  caterpillar  is  in  no  way  restricted  to 
the  immediate  vicinity  of  the  locaUty  where  it  chose  to  pupate  as  a 
caterpillar,  but,  instead,  uses  what  really  amounts  to  an  unwise 
amount  of  discretion  in  its  selection  of  a  place  for  oviposition. 
Cherry  first  and  then  apple  is  selected  in  preference  to  all  other  food 
plants,  and  with  the  exception  of  a  Kmited  number  of  other  rosaceous 
trees  and  shrubs,  its  eggs  are  almost  never  found  elsewhere.  •  As  a 
result,  when  it  is  at  all  abundant  its  caterpillars,  which  have  not  the 

1  Technical  Bulletin  5,  New  Hamp^ire  Agricultural  Experiment  Station. 
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wandering  characteristics  of  those  of  the  gipsy  moth,  but  rather  the 
opposite,  find  themselves  crowded  in  excessive  numbers  upon  a 
limited  variety  of  shrubs  and  trees;  complete  defoliation  of  these 
comparatively  few  host  plants  quickly  follows,  and  weather  condi- 
tions being  favorable  to  the  development  of  disease^  wholesale 
destruction  is  all  that  intervenes  between  an  unnatural  migration  or 
starvation.  Such  reduction  is  followed  by  a  period  of  years  during 
which  the  parasites  check  but  do  not  overcome  the  tendency  to 
increase,  and  it  is  only  a  little  while  before  the  process  is  repeated. 

There  were,  in  certain  localities  in  eastern  Massachusetts  in  the 
summer  of  1910,  continuous  strips  of  roadside  grown  up  to  a  variety  of 
trees  and  shrubs,  the  most  of  which  were  defoliated  by  tent  cater- 
piUars,  aU  of  which  had  hatched  from  eggs  deposited  upon  the 
occasional  wild-cherry  tree  which  was  present.  Several  such  strips 
were  visited  at  about  the  time  when  the  caterpillars  elsewhere  were 
beginning  to  pupate,  and  not  a  single  living  caterpillar  or  pupa 
could  be  found  amongst  the  thousands  of  dead  and  decomposing 
remains  of  the  victims  of  overpopulation.  These  were  but  a  repeti- 
tion of  conditions  as  observed  a  few  miles  north  in  New  ITampshire 
12  years  ago.  How  frequently  similar  conditions  occurred  during 
the  intervening  period  is  not  known. 

In  addition  to  those  species  mentioned  in  the  preceding  pages, 
quite  a  number  of  other  leaf-feeding  Lepidoptera  have  been  more  or 
less  casually  studied  in  a  less  comprehensive  but  at  the  same  time  a 
careful  manner. 

PARASITISM  AS  A  FACTOR  IK  INSECT  CONTROL. 

In  revie"v^ing  the  results  of  these  studies,  the  fact  is  strikingly 
evident  that  parasitism  plays  a  very  different  part  in  the  economy 
of  different  hosts.  Some  habitually  support  a  parasitic  fauna  both 
abundant  and  varied,  while  others  are  subjected  to  attack  by  only 
a  limited  number  of  parasites,  the  most  abundant  of  which  is  rela- 
tively uncommon.  No  two  of  the  lepidopterous  hosts  studied, 
unless  they  chanced  to  be  congeneric  and  practically  identical  in 
habit  and  life  history,  were  found  to  be  victimized  by  exactly  the 
same  species  of  parasites.  Neither  are  the  same  species  apt  to  occur 
in  connection  with  the  same  host  in  the  same  relative  abundance^ 
one  to  another,  year  after  year  in  the  same  locality,  nor  in  two 
different  localities  the  same  year. 

At  the  same  time  there  are  certain  features  in  the  parasitism  of 
each  species  which  are  common  to  each  of  the  others,  whether  theso 
be  arctiid,  liparid,  lasiocampid,  tortricid,  satumiid,  or  tineid,  one  of 
the  most  common  of  which  is  that  each  host  supports  a  variety  of 
parasites,  oftentimes  differing  among  themselves  to  a  remarkable 
degree  in  habit,  natural  affinities,  and  methods  of  attack.     Depart- 
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ures  from  this  rule  have  not  been  encountered  among  the  defoliating 
Lepidoptera  as  yet,  and  while  exceptions  will  probably  be  found  to 
exist,  they  will  doubtless  remain  exceptions  in  proof  of  the  rule. 
From  this  the  rather  obvious  conclusion  has  been  drawn,  that  to 
be  effective  in  the  case  of  an  insect  like  the  gipsy  moth  or  the  brown- 
tail  moth,  parasitic  control  must  come  about  through  a  variety  of 
parasites,  working  together  harmoniously,  rather  than  through  one 
specific  parasite,  as  is  known  to  be  the  case  with  certain  less  spe- 
cialized insects,  having  a  less  well-defined  seasonal  history.  To 
speak  still  more  plainly,  it  is  believed  that  the  successful  conclusion 
of  the  experiment  in  parasite  introduction  now  under  consideration 
depends  upon  whether  or  not  we  shall  be  able  to  import  and  establish 
in  America  each  of  the  component  parts  of  an  effective  ''sequence" 
of  parasites.  This  belief  is  further  supported  by  the  undoubted  fact, 
that  in  every  locality  from  which  parasite  material  has  been  received 
abroad,  both  the  gipsy  moth  and  the  brown-tail  moth  are  subjected 
to  attack  by  such  a  group  or  sequence  of  parasites,  of  which  the 
component  species  differ  more  or  less  radically  in  habit  and  in  their 
manner  of  attack. 

In  the  case  of  the  gipsy  moth  and  the  brown-tail  xnoth  abroad, 
as  well  as  in  that  of  nearly  every  species  of  leaf-feeding  Lepidoptera 
studied  in  America,  there  are  included  among  the  parasites  species 
which  attack  the  eggs,  the  caterpillars,  large  and  small,  and  the 
prepupse  and  pupae,  respectively.  Frequently,  but  not  always, 
there  are  predatory  enemies,  which,  through  their  abiUty  to  increase 
at  the  immediate  expense  of  the  insect  upon  which  they  prey,  when- 
ever this  insect  becomes  sufficiently  abundant  to  invite  such  increase, 
are  to  be  considered  as  ranking  with  the  true  facultative  parasites 
when  economically  considered. 

It  is,  therefore,  our  aim  to  secure  the  firm  establishment  in  America 
of  a  sequence  of  the  egg,  the  caterpillar,  and  the  pupal  parasites  of 
the  gipsy  moth  and  brown-tail  moth  as  they  are  found  to  exist 
abroad,  and  until  this  is  either  done  or  proved  to  be  impossible  of 
accomplishment  through  causes  over  which  we  have  no  control,  we 
can  neither  give  up  the  fight  nor  expect  to  bring  it  to  a  successful 
conclusion. 

It  was  stated  a  page  or  two  back  that  some  species  of  insects 
support  a  parasitic  fauna  both  numerous  and  varied,  while  others 
are  subjected  to  attack  by  only  a  limited  number  of  parasites,  none 
of  which  can  be  considered  as  common.  Notwithstanding  the  fact 
that  somewhat  similar  differences  are  discernible  between  the  para- 
sitic fauna  of  the  same  insect  at  different  times  or  under  different 
environment,  it  is  perfectly  safe  to  elaborate  the  original  statement 
still  further  and  to  say  that  some  species  are  habitually  subjected 
to   a  much  heavier  parasitism  than  others.     Unquestionably  the 
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average  percentage  of  parasitism  of  the  fall  webwonn  in  eastern 
Massachusetts,  taken  over  a  sufficiently  long  series  of  years  to  make 
a  fair  average  possible,  is  the  same  as  the  average  would  be  over 
another  similar  series  of  years  in  the  same  general  region.  This 
could  be  said  of  the  larvae  of  any  other  insect  as  well  as  of  that  of 
the  fall  webwonn,  but  the  average  percentage  of  parasitism  in  another 
would  most  Ukely  not  be  the  same,  but  might  be  very  much  larger 
or  very  much  smaller.  To  put  it  dogmatically,  each  species  of  insect 
in  a  country  where  the  conditions  are  settled  is  subjected  to  a  certain 
fixed  average  percentage  of  parasitism,  which,  in  the  vast  majority  of 
instances  and  in  connection  with  numerous  other  controlling  agencies, 
results  in  the  maintenance  of  a  perfect  balance.  The  insect  neither 
increases  to  such  abundance  as  to  be  affected  by  disease  or  checked 
from  further  multiplication  through  lack  of  food,  nor  does  it  become 
extinct,  but  throughout  maintains  a  degree  of  abundance  in  relation 
to  other  species  existing  in  the  same  vicinity,  which,  when  averaged 
for  a  long  series  of  years,  is  constant. 

In  order  that  this  balance  may  exist  it  is  necessary  that  among 
the  factors  which  work  together  in  restricting  the  multiplication 
of  the  species  there  shall  be  at  least  one,  if  not  more,  which  is 
what  is  here  termed  facultative  (for  want  of  a  better  name),  and 
which,  by  exerting  a  restraining  influence  which  is  relatively  more 
effective  when  other  conditions  favor  undue  increase,  serves  to  pre- 
vent it.  There  are  a  very  large  number  and  a  great  variety  of 
factors  of  more  or  less  importance  in  effecting  the  control  of  defoU- 
ating  caterpillars,  and  to  attempt  to  catalogue  them  would  be  futile, 
but  however  closely  they  may  be  scrutinized  very  few  will  be  found 
to  fall  into  the  class  with  parasitism,  which  in  the  majority  of 
instances,  though  not  in  all,  is  truly  ''facultative.'' 

A  very  large  proportion  of  the  controlling  agencies,  such  as  the 
destruction  wrought  by  storm,  low  or  high  temperature,  or  other 
climatic  conditions,  is  to  be  classed  as  catastrophic,  since  they  are 
wholly  independent  in  their  activities  upon  whether  the  insect  which 
incidentally  suffers  is  rare  or  abundant.  The  storm  which  destroys 
10  caterpillars  out  of  50  which  chance  to  be  upon  a  tree  would  doubt- 
less have  destroyed  20  had  there  been  100  present,  or  100  had  there 
been  500  present.  The  average  percentage  of  destruction  remains 
the  same,  no  matter  how  abundant  or  how  near  to  extinction  the 
insect  may  have  become. 

Destruction  through  certain  other  agencies,  notably  by  birds  and 
other  predators,  works  in  a  radically  different  manner.  These 
predators  are  not  directly  affected  by  the  abundance  or  scarcity  of 
any  single  item  in  their  varied  menu.  Like  all  other  creatures  they 
arc  forced  to  maintain  a  relatively  constant  abundance  among  the 
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other  forms  of  animal  and  plant  lif e,  and  since  their  abundance  from 
year  to  year  is  not  influenced  by  the  abundance  or  scarcity  of  any 
particular  species  of  insect  among  the  many  upon  which  they  prey 
they  can  not  be  ranked  as  elements  in  the  facultative  control  of  such 
species.  On  the  contrary^  it  may  be  considered  that  they  average 
to  destroy  a  certain  gross  nimiber  of  individuals  each  year,  and 
since  this  destruction  is  either  constant,  or,  if  variable,  is  not  corre- 
lated in  its  variations  to  the  fluctuations  in  abundance  of  the  insect 
preyed  upon,  it  woidd  most  probably  represent  a  heavier  percentage 
when  that  insect  was  scarce  than  when  it  was  common.  In  other 
words,  they  work  m  a  manner  which  is  the  opposite  of  ''facultative" 
as  here  understood. 

In  making  the  above  statement  the  fact  is  not  for  a  moment  lost 
to  sight  that  birds  which  feed  with  equal  freedom  upon  a  variety  of 
insects  will  destroy  a  greater  gross  nimiber  of  that  species  which 
chances  to  be  the  most  abundant,  but  with  the  very  few  apparent 
exceptions  of  those  birds  which  kill  for  the  mere  sake  of  killing  they 
will  only  destroy  a  certain  maximimi  number  all  told.  A  Uttle 
reflection  will  make  it  plain  that  the  percentage  destroyed  will 
never  become  greater,  much  if  any,  as  the  insect  becomes  more  com- 
mon, and,  moreover,  that  after  a  certain  limit  in  abundance  is  passed 
this  percentage  will  grow  rapidly  less.  A  natural  balance  can  only 
be  maintained  through  the  operation  of  facultative  agencies  which 
effect  the  destruction  of  a  greater  proportionate  number  of  indi- 
viduals as  the  insect  in  question  increases  in  abundance. 

Of  these  facultative  agencies  parasitism  appears  to  be  the  most 
subtle  in  its  action.  Disease,  whether  brought  about  by  some 
specific  organism,  as  with  the  brown-tail  moth,  or  through  insuffi- 
cient or  unsuitable  food  supply  without  the  intervention  of  any 
specific  organism,  as  appears  at  the  present  time  to  be  the  case  with 
the  gipsy  moth,  does  not  as  a  ride  become  effective  until  the  insect 
has  increased  to  far  beyond  its  average  abundance.  There  are 
exceptions  to  this  rule,  or  appear  to  be,  but  comparatively  only  a 
very  few  have  come  to  our  immediate  attention.  Finally,  famine 
and  starvation  must  be  considered  as  the  most  radical  means  at 
nature's  disposal,  whereby  insects,  like  the  defoUating  Lepidoptera, 
are  finally  brought  into  renewed  subjugation. 

With  insects  like  the  gipsy  moth  and  the  brown-tail  moth  disease 
does  not  appear  to  become  a  factor  until  a  degree  of  abundance  has 
been  reached  which  makes  the  insect  in  question,  ipso  facto,  a  pest. 
Whether  in  the  future  methods  will  be  devised  for  artificially  ren- 
dering such  diseases  more  quickly  effective,  remains  to  be  determined 
through  actual  experimental  work  continued  over  a  considerable 
number  of  years. 
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In  effect,  the  proposition  is  here  submitted  as  a  basis  for  further 
discussion  that  only  through  parasites  and  predators,  the  numerical 
inerease  of  which  is  directly  affected  by  the  numerical  increase  of 
Ab  insect  upon  which  they  prey,  is  that  insect  to  be  brought  imder 
complete  natural  control,  except  in  the  relatively  rare  ini^tances  in 
which  destruction  through  disease  is  not  dependent  upon  super- 
abundance. 

The  present  experiment  in  parasite  introduction  was  undertaken 
and  has  been*  conducted  on  the  assumption  that  there  existed  in 
America  all  of  the  various  elements  necessary  to  bring  about  the 
complete  control  of  the  gipsy  moth  and  the  brown-tail  moth,  except 
their  respective  parasites.  Believing  that  this  stand  was  correctly 
taken,  much  time  has  been  devoted  to  a  consideration  of  the  extent 
to  which  these  pests  are  already  controlled  through  natural  agencies 
ah^ady  in  operation.  The  fact  that  both  insects  have  increased 
steadily  and  rapidly  in  every  locality  in  which  they  have  become 
established  and  where  adequate  suppressive  measures  have  not 
been  undertaken,  until  they  have  reached  a  stage  of  abundance  far 
in  excess  of  that  which  prevails  in  most  countries  abroad,  renders 
superfluous  further  comment  upon  the  present  ineffectiveness  of 
these  agencies.  The  difference  between  the  rate  at  which  they 
have  averaged  to  increase  in  localities  where  they  have  become 
established  and  their  potential  rate  of  increase  as  indicated  by  the 
number  of  eggs  deposited  by  the  average  female  should  indicate 
very  acctirately  the  eflBciency  of  such  agencies,  and  the  difference 
between  the  actual  rate  of  increase  and  no  increase  similarly  indicates 
the  amount  of  additional  control  which  must  be  exerted  by  the  para- 
sites if  their  nimibers  are  to  be  kept  at  an  innocuous  minimum. 

THE  RATE  OF  INCKBASE  OF  THB  GIPSY  MOTH  IN  NBW  ENGLAND. 

The  potential  rate  of  increase  as  determined  by  the  number  of 
^gs  deposited  by  the  average  female  of  the  gipsy  moth  varies  con- 
siderably under  different  circumstances,  and  affords  an  interesting 
example  of  a  phase  of  facultative  control  not  touched  upon  in  the 
last  chapter.  When  the  exhaustive  studies  into  its  life  and  habits 
were  conducted  under  the  general  supervision  of  the  Massachusetts 
State  Board  of  Agriculture  during  the  final  decade  of  the  last  century, 
it  was  determined  that  the  number  was  between  450  and  600. 

In  the  opinion  of  some,  the  fecundity  of  the  gipsy  moth  has  dis- 
tinctly decreased  dining  the  14  years  which  have  elapsed  since  the 
pubUcation  of  the  report  in  which  these  figures  were  given,  and  in 
order  to  determine  the  point  a  considerable  number  of  egg  masses 
was  collected  during  the  winter  of  1908-9  and  the  eggs  carefully 
coimted.  It  was  foimd  that  in  those  from  the  older  infested  terri- 
tory or  from  outlying  colonies  where  the  moth  was  particularly 
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abundant,  the  number  of  ^gs  to  a  mass  averaged  considerably  less 
than  300.  In  egg  masses  from  outlying  districts  where  the  infesta- 
tion was  new,  and  where  the  moth  had  never  reached  its  maximum 
abundance,  the  average  in  a  few  masses  counted  was  slightly  in 
excess  of  500.  The  number  is,  however,  very  variable,  and  the 
character  of  food  and  the  meteorological  conditions  during  the  feed- 
ing period  of  the  caterpillars  are  doubtless  important  features.  Hot 
weather  during  Jime  forces  the  development  of  the  caterpillars  and 
they  do  not  become  large.  Small  moths  deposit  fewer  eggs  rather 
than  smaller  eggs.  It  is  possible  that  there  is  actually  a  decrease  in 
the  fecundity  of  moths  brought  about  by  our  short  and  ardent  sum- 
mers, but  for  the  present  it  is  not  proved,  and  it  is  believed  that 
whenever  abimdance  of  the  insect  is  sufficiently  reduced  the  original 
rate  of  multipUcation  will  prevail.  The  point  is  one  well  worthy  of 
further  investigation,  but  for  the  present  the  potential  rate  of 
increase,  provided  no  controlling  factors  whatever  are  operative,  will 
be  considered  as  250-fold  annually. 

The  best  information  available  as  to  the  rate  of  increase  of  the 
gipsy  moth  actually  prevailing  in  Massachusetts  is  contained  in  the 
report  entitled  *^The  Gypsy  Moth,''  by  Mr.  Edward  H.  Forbush  and 
Dr.  C.  H.  Femald,  which  was  published  under  the  direction  of  the 
board  of  agriculture.  These  authorities,  in  their  discussion  of  the 
matter,  say  as  follows : 

The  study  of  the  increase  and  dissemination  of  the  gipsy  moth  in  Massachusetts 
is  most  interesting.  Perhaps  there  never  has  been  a  case  where  the  origin  and 
advance  of  an  insect  could  be  more  readily  traced.  As  the  moth  appears  to  be  con- 
fined as  yet  to  a  comparatively  small  area,  and  as  the  region  has  been  examined 
more  or  less  thoroughly  for  five  successive  years,  the  opportunities  offered  for  the 
study  of  the  multiplication  and  distribution  of  the  insect  have  been  unequaled. 

When  it  is  considered  that  the  number  of  ^gs  deposited  by  the  female  averages 
from  450  to  600,  that  1,000  caterpillars  have  been  seen  to  hatch  from  a  single  egg 
cluster,  and  that  at  least  one  ^g  cluster  has  been  found  containing  over  1,400  eggs, 
there  can  be  no  doubt  that  the  reproductive  powers  of  the  moth  are  enormous.  Mr. 
A.  H.  Kirkland  has  made  calculations  which  show  that  in  eight  years  the  unre- 
stricted increase  of  a  single  pair  of  gipsy  moths  would  be  sufficient  to  devour  all 
vegetation  in  the  United  States.  This,  of  course,  could  never  occur  in  nature,  and 
is  mentioned  here  merely  to  give  an  idea  of  the  reproductive  capacity  of  the  insect. 

It  seems  remarkable  at  first  sight  that  an  insect  of  such  reproductive  powers,  which 
had  been  in  existence  in  the  State  for  20  years,  unrestrained  by  any  organized  effort 
on  the  part  of  man,  did  not  spread  over  a  greater  territory  than  30  townships,  or  about 
220  square  miles.  Some  of  the  causes  which  at  first  checked  its  increase  and  lim- 
ited its  diffusion  in  Medford  have  already  been  set  forth.  Most  of  the  checks  which 
at  first  served  to  prevent  the  excessive  multiplication  of  the  gipsy  moth  in  Medford 
operate  effectively  to-day  wherever  the  species  is  isolated.  True,  it  has  now  become 
acclimated.  But  any  small  isolated  moth  colony  still  suffers  greatly  from  the  attacks 
of  its  natural  enemies  and  from  the  struggle  with  other  adverse  influences  which 
encompass  it.  The  normal  rate  of  increase  in  such  isolated  colonies  as  are  found 
to-day  in  the  outer  towns  of  the  infested  district  seems  to  be  small.  The  annual 
increase  can  be  readily  ascertained  by  noting  the  relative  number  of  egg  clusters  laid 
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in  succeesive  years,  the  imhatched  or  latest  clusters  being  easily  distinguished  from 
the  hatched  or  "old"  clusters,  and  the  age  of  these  latter,  whether  one,  two,  three, 
or  more  years,  being  indicated  by  their  state  of  preservation.  The  ratio  of  the  aver- 
age annual  increase  of  10  such  colonies  was  found  to  be  6.42;  that  is,  six  or  seven 
egg  clusters  on  an  average  may  be  found  in  the  second  season  to  one  of  the  first 
season. 

If  the  ntimber  of  eggs  deposited  by  the  average  female  moth  be 
set  at  500,  and  if  the  sexes  of  her  progeny  are  equally  divided,  a 
potential  increase  of  250-fold  for  each  annual  generation  is  provided 
for.  Under  complete  control  only  one  pair  of  moths  would  average 
to  be  produced  from  each  mass  of  eggs  deposited,  and  since  each  egg 
represents  an  individual  embryo,  all  but  2  of  each  500  must  fail  to 
reach  full  maturity.  Reduced  to  percentage  this  is  equivalent  to 
the  survival  of  0.4  per  cent  and  the  destruction  of  99.6  per  cent  of 
the  gipsy  moths  in  one  stage  or  another  every  year.  Since  the  total 
number  of  gipsy  moths  in  any  locality  can  not  possibly  be  computed, 
the  only  method  by  which  mortaUty  through  any  cause  may  be 
expressed  is  on  this  basis. 

It  will  surprise  many  who  have  not  given  the  matter  considera- 
tion to  learn  what  an  extraordinary  apparent  mortaUty  it  requires  to 
offset  a  potential  increase  of  250-fold.  The  gipsy-moth  caterpillars 
molt  five  or  six  times  after  they  hatch  and  before  they  change  to  pup», 
making  the  number  of  caterpillar  stages  six  or  seven.  If  through 
natural  controlling  agencies  50  per  cent  of  the  young  caterpillars 
were  destroyed  in  the  first  stage  before  they  had  molted,  and  this 
was  foDowed  by  similar  destruction  of  another  50  per  cent  in  the 
second  stage,  and  so  on  through  the  third,  fourth,  fifth,  sixth,  and 
seventh  stages,  respectively,  and  in  addition  25  per  cent  of  the  pupse 
and  25  per  cent  of  the  adults  before  depositing  their  eggs  were  simi- 
larly destroyed,  it  would  still  permit  of  a  slight  annual  increase. 

The  following  table  (if  the  incongruity  of  fractions  as  appUed  to 
insects  may  be  overlooked)  indicates  the  number  of  survivors  of  each 
stage  resulting  from  the  hatching  of  a  mass  of  500  eggs: 


Stage. 

Number. 

Loss. 

Number 
ing. 

Potential  increase. 

RgP9 , 

500 
500 
250 
125 
62 
31 
15.6 
7.75 
3.876 
2.906 

Percent. 
0 
50 
50 
60 
50 
60 
50 
50 
25 
25 

500 
250 
125 
62 
31 
15.5 
7.75 
3.875 
2.906 
2.179 

250  Ibid. 

C&pfUan 

First 

125  fold. 

^^T^  :::::: ...::... 

Second. 

Third 

62foid. 

Do 

31  fold. 

Do 

Fourth 

Fifth 

Sixth    . .    . 

15.5  fold. 

Do 

7.75  fold. 

Do           

3  875  fold. 

Do 

Seventh. 

2.906  fold. 

Paps  ...          

2  179  fold 

Adults 

1.634  fold. 

To  give  another  illustration:  The  life  of  the  gipsy-moth  caterpillar 
is  approximately  seven  weeks.     If  beginning  on  the  first  day  after 
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hatching  and  on  every  day  thereafter  during  this  period  a  decrease 
in  numbers  of  10  per  cent  should  be  brought  about  through  natural 
causes,  there  would  still  be  enough  survivors  to  permit  of  a  substan- 
tial increase  in  the  abundance  of  the  insect. 

Twelve  gipsy  moths  (6  pairs)  from  each  egg  mass  would  be  suffi- 
cient to  provide  for  a  sixfold  annual  increase.  If  reference  be  made 
to  the  preceding  table,  it  will  be  seen  that  if  all  destruction  ceased 
after  the  caterpillars  had  reached  the  fourth  stage,  the  survivors 
woiJd  permit  of  slightly  in  excess  of  sixfold  increase;  that  is,  the 
mortality  during  the  first  to  the  fourth  stage,  inclusive,  with  a  part 
of  that  which  resulted  during  the  fifth  stage,  would  be  sufficient  to 
account  for  all  of  the  control  at  present  exerted  by  natural  agencies 
in  New  England,  and  this  gives,  at  the  same  time,  an  idea  as  to  the 
ainount  of  additional  control  which  the  parasites  must  accomplish  if 
they  are  to  become  effective. 

The  conditions  under  which  the  gipsy  moth  was  studied  at  the 
time  when  the  material  for  the  report  just  quoted  was  accumulated 
were,  for  the  most  part,  abnormal.  In  only  relatively  few  localities 
was  it  allowed  to  increase  undeterred,  anJ  there  were  relatively  very 
few  examples  of  unrestricted  increase  to  the  point  when  defoliation 
resulted.  This,  in  part,  explains  what  seems  to  be  an  element  of 
indecision  concerning  the  character  of  conditions  which  favored  more 
rapid  increase  of  the  moth,  as  quoted  below,  from  the  same  source. 

CONDITIONS  FAVORING   RAPID  TNCREA6E. 

When  any  colony  under  average  normal  conditions  has  grown  to  a  considerable 
size  and  then  received  an  added  impetus  from  exceptionally  favorable  conditions,  its 
power  of  multiplication  and  its  expansive  energy  are  greatly  augmented,  and  its 
annual  increase  arises  above  all  calculations.  ^  Under  such  influences  hundreds  of 
egg  clusters  will  appear  in  the  iall  where  few  were  to  be  seen  in  the  spring,  and  thou- 
sands are  found  where  scores  only  were  known  before.  It  is  probable  that  the  season 
of  1889  was  particularly  favorable  for  the  moth's  increase.  The  season  of  1894  and 
that  of  1895  appear  also  to  have  furnished  conditions  especially  favorable  for  an 
abnormarmultiplication  of  the  insect. 

The  operation  of  the  causes  of  these  sudden  outbreaks  is  not  understood.  It  is 
evident,  however,  that  the  warm,  pleasant  spring  weather  of  the  past  two  years  (1894 
and  1895)  hastened  the  development  of  the  caterpillars,  thereby  shortening  their  term 
of  life.  The  length  of  life  of  the  caterpillars  varies  from  six  to  twelve  weeks.  During 
cold,  rainy  weather  the  caterpillars  eat  little  and  grow  slowly.  During  warm,  dry 
weather  they  consume  much  more  food  and  grow  with  great  rapidity.  In  the  unusu. 
ally  warm  spring  and  early  summer  of  1895  many  of  the  caterpillars  molted  a  less 
number  of  times  than  usual,  and  their  length  of  life  did  not  exceed  six  or  seven  weeks- 
Under  these  conditions  they  proved  more  quickly  injurious  to  foliage  than  in  a  more 
normal  season,  and  were  more  completely  destructive  within  any  given  area  in  which 
their  numbers  were  great.    And  they  were  not  so  long  exposed  to  the  attacks  of  their 

1  The  increase  of  these  large  colonies  seems  to  be  limited  only  by  the  supply  of  food.  Whenever  food 
becomes  scarce  many  of  the  moths  are  lees  prolific.  The  larvee  which  do  not  find  sufficient  food  either  die 
or  develop  early,  and  the  female  moths  lay  fewer  eggs  than  those  which  transform  from  well-nourished 
caterpillars. 
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enemiw.  While  it  may  be  true  that  the  parasitic  enemies  of  the  moth  will  also  develop 
rapidly  under  conditions  that  hasten  the  growth  of  their  host,  birds  and  other  verte- 
brate enemies  will  secure  fewer  of  the  moths  in  6  or  7  weeks  than  in  10  or  12.  It  is 
believed  that  dry  weather  is  unfavorable  for  vegetable  parasites  of  insects,  but  to 
what  extent  the  caterpillars  are  affected  by  them  in  a  humid  season  it  is  impossible 
to  say. 

The  past  two  years  have  been  ''cankerworm  years"  in  the  infested  region.  Many 
of  the  birds  which  habitually  feed  on  the  caterpillars  of  the  gipsy  moth  have  been 
largely  occupied  during  May  and  the  early  part  of  June  in  catching  cankerworms, 
which  they  seem  to  prefer,  turning  their  attention  to  the  gipsy-moth  caterpillars  in 
Uie  latter  part  of  June  and  July,  when  the  cankerworms  have  disappeared.  The 
birds,  therefore,  have  not  been  as  useful  in  checking  the  increase  of  the  gipsy  moth 
as  in  years  when  the  cankerworms  were  less  numerous. 

A  few  of  the  restraining  influences  which  have  been  less  active  than  usual  during 
the  past  two  years  have  been  mentioned,  and  possibly  many  others  have  escaped 
observation,  but  those  given  serve  in  a  measure  to  explain  the  unusual  increase  of  the 
moth.  It  is  during  such  seasons  that  its  destructiveness  is  most  apparent.  It  is  then 
that  the  gjroves  and  forests  are  8tripi>ed  of  their  leaves,  and  whole  rows  of  trees  in 
ofchards  and  along  highways  appear  to  have  been  stripped  in  a  single  night. 

The  conditions  as  described  seem  to  be  comparable  to  those  pre- 
Taihng  at  the  present  time,  and  at  the  same  tune  to  be  inadequately- 
explained.  Repeatedly  personal  observations  have  been  made  which 
indicate  beyond  the  shadow  of  a  doubt  that  under  certain  circum- 
stances the  gipsy  moth  has  increased  at  a  rate  very  far  in  excess  of 
sixfold  annually  at  the  present  time.  Counts  of  old  egg  masses  as 
compared  with  those  newly  laid,  in  several  localities,  in  the  spring 
of  1908  and  each  spring  subsequently,  have  shown  positively  that 
an  increase  of  at  least  twentyfold  was  not  uncommon.  In  factj 
unless  an  unduly  large  number  of  old  egg  masses  was  concealed,  it 
could  be  said  with  equal  certainty  that  increase  sometimes  amounted 
to  fiftyfold  in  the  course  of  a  single  generation.  The  arguments  pre- 
sented by  Forbush  and  Femald,  who  evidently  observed  something 
very  similar,  and  who  were  inclined  to  credit  it  to  seasonal  or  climatic 
conditions  (in  part  at  least),  do  not  stand,  in  view  of  the  fact  that  the 
rate  of  increase  differs  extraordinarily  in  localities  nearly  adjacent  to 
where  the  conditions  are  practically  identical,  saving  only  the  varying 
abundance  of  the  moth;  this  latter,  it  may  be  noted,  has  in  each 
instance  corresponded  roughly  and  in  direct  ratio  to  the  rate  of  in- 
crease. The  fact  was  not  considered  to  be  of  more  than  coincidental 
interest  at  first,  but  later,  when  an  attempt  was  made  to  classify 
according  to  their  manner  of  operation,  the  various  factors  which 
were  already  responsible  for  the  partial  control  of  the  gipsy  moth  in 
New  England,  the  correlation  between  relative  abundance  and  rate 
of  increase  recurred  and  seemed  to  afford  excellent  support  to  the 
contention  which  has  been  made  as  to  the  part  which  birds  and  most 
other  predators  play  in  bringing  this  about. 
95677°— Bull.  91—11 8 
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Without  attempting  to  go  into  the  details  of  rather  elaborate  cal- 
culations, which  were  made  for  the  purpose  of  bringing  out  this  point 
more  graphically,  attention  is  merely  called  to  the  three  divisions 
into  which  the  elements  operative  in  the  natural  control  of  any  insect 
naturally  fall  as  they  were  outlined  in  the  preceding  section.  These 
are,  first,  the  catastrophic  (storms,  etc.),  which  result  in  the  destruc- 
tion of  a  certain  fixed  percentage,  irrespective  of  the  abundance  of 
the  insect;  second,  that  represented  by  the  birds,  most  other  preda- 
tors, and  a  part  of  the  parasites  which  encompass  the  destruction  of 
a  certain  gross  number,  rather  than  of  any  given  percentage  each 
year  or  generation;  third,  the  facultative  agencies,  of  which  certain 
parasites  are  considered  to  be  typical,  which  increase  in  efficiency  as 
the  insect  increases  in  abundance. 

The  elements  composing  this  last  group  are  absent  in  New  England, 
or,  rather,  those  elements  which  are  present  (disease  and  starvation) 
and  which  do  not  properly  belong  to  it,  are  inoperative  until  a  state 
of  extreme  abundance  is  attained. 

Such  control  as  is  effected  by  existing  agencies  would  therefore  fall 
into  one  or  the  other  of  the  first  two  groups  mentioned,  and  since 
both  groups  together  are  obviously  inefficient,  even  when  the  moth 
is  scarce,  that  due  to  the  operation  of  the  elements  falling  in  the 
second  group  would  become  relatively  less  efficient  as  the  time  went 
on  and  the  moth  increased.  This,  it  is  believed,  is  actually  what  has 
happened  and  what  is  happening  each  year  in  each  of  the  very 
numerous  outlying  colonies  of  the  gipsy  moth  throughout  the  more 
recently  infested  territory,  and  thus  the  larger  rate  of  increase  is 
explained. 

As  a  matter  of  fact,  there  is  reason  to  believe  that  the  average  rate 
of  increase  during  the  first  few  years  immediately  following  the  intro- 
duction of  the  moth  in  a  new  locaUty  is  actually  less  than  sixfold 
annually,  and  that  it  may  even  be  as  low  as  threefold,  or  perhaps  less. 
In  any  case,  there  is  a  stage  in  the  progress  of  the  moth  in  which  the 
average  is  no  greater  than  that  recorded  by  Forbush  and  Femald, 
and  there  is  no  longer  room  for  doubt  that  the  lowest  rate  of  increase 
is  in  locaUties  where  the  moth  is  relatively  a  rare  or  uncommon 
insect  for  the  time  being,  while  the  highest  occurs  in  locaUties  where 
the  moth  is  rapidly  approaching  its  maximum  abundance. 

AMOUNT  OF  ADDITIONAL  CONTROL  NECESSABT  TO  CHECK  THE 
INCREASE  OF  THE  GIPST  MOTH  IN  AMEBICA. 

It  was  evident  in  1907,  as  it  is  now,  that  the  problem  of  the  intro- 
duction of  parasites  was  far  from  being  as  simple  as  it  might  appear 
to  be  upon  its  surface  and  as  it  evidently  did  appear  to  be  to  some 
who  were  at  that  time  agitating  for  a  radical  change  in  the  methods 
adopted  for  its  solution.     It  was  plain  that  the  expense  incident  to 
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the  actual  work  of  importation  was  going  to  be  considerably  more 
than  had  been  expected  two  years  before  and  that  practical  results 
could  not  possibly  be  achieved  until  long  after  the  time  originally 
predicted.  Additional  information  upon  the  biology  and  habits  of 
each  of  the  several  parasites,  if  not  necessary  in  every  instance,  was 
necessary  in  some  and  desirable  in  all,  and  here  again  additional 
expenditures  became  imperative.  Furthermore,  the  situation  was 
such  as  to  make  of  very  doubtful  advisability  the  indiscriminate 
importation  of  very  large  quantities  of  parasite  material  before  a 
better  knowledge  of  the  parasites  themselves  had  been  secured.  The 
repetition  of  the  very  large  shipment  of  brown- tail  liibemating  nests 
winter  after  winter,  as  will  be  described  in  another  chapter,  is  an 
instance  in  point.  Had  we  been  in  possession  of  a  complete  knowl- 
edge of  the  parasites  hibernating  in  those  webs  at  the  beginning,  per- 
haps one  winter's  importation  would  have  been  sufficient. 

There  was  no  certainty  that  the  results  of  the  technical  studies  as 
conducted  at  the  American  laboratory  would  be  sufficiently  full  and 
complete  to  answer  our  purposes  and  make  possible  the  intelligent 
continuation  of  the  work.  Should  we  fail  in  this  respect,  the  only 
alternative  to  a  discontinuation  of  the  introduction  work  in  advance 
of  its  logical  conclusion  was  the  establishment  of  a  laboratory  abroad, 
at  a  considerable  expenditure. 

With  these  several  reflections,  it  was  inevitable  that  the  advisabihty 
of  continuing  the  work  beyond  the  time  limit  originally  set  should 
come  into  question.  Accordingly,  in  anticipation  of  the  necessity  for 
making  a  decision  when  the  time  for  it  should  arrive,  the  whole 
proposition  was  subjected  anew  to  the  closest  sort  of  scrutiny  from 
every  point  of  view. 

The  successful  consummation  of  the  work  involved,  first  of  all,  the 
establishjnent  in  America  of  a  group  of  parasites  or  other  natural 
enemies  sufficiently  powerful  to  meet  and  offset  the  prevailing  rate  of 
increase  of  the  gipsy  moth.  This,  as  determined  by  Forbush  and 
Femald,  was  at  least  sixfold  annually;  as  determined  by  actual 
observation  in  the  field,  it  was  often  far  in  excess  of  sixfold. 
Before  the  continuation  of  the  work  could  be  recommended  it  was 
absolutely  necessary  to  arrive,  first,  at  some  conclusion  as  to  the 
amount  of  parasitism  (gauged  on  the  percentage  basis)  which  would 
be  required  in  order  to  offset  this  increase  and  maintain  the  gipsy 
moth  at  an  innocuous  minimum;  and,  second,  whether  parasitism 
to  such  an  extent  actually  prevailed  abroad  or  whether  natural  con- 
trol in  those  locaUties  where  it  was  obviously  eflFected  was  due  to  the 
increased  efficiency  of  other  agencies. 

In  so  far  as  the  first  proposition  was  concerned,  it  was  obvious  from 
the  beginning  that  if  enough  egg  masses  could  be  destroyed  each  fall 
80  that  the  number  remaining  would  be  no  greater  than  tliat  which  had 
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been  present  in  the  spring  the  insect  could  never,  by  any  possibility, 
increase  beyond  the  abundance  then  prevailing.  If  the  increase  each 
year  was  6  egg  masses  for  each  1  of  the  year  before,  it  was  merely 
necessary  to  destroy  5  out  of  every  6  in  order  to  maintain  the  status 
quo.  If  the  increase  was  tenfold,  the  destruction  of  9  out  of  every  10 
egg  masses  would  be  required,  etc.  The  same  would  obtain  if  5  out 
of  every  6  or  9  out  of  every  10  eggs  in  each  ai\d  every  mass  were 
similarly  destroyed. 

Reduced  to  percentages,  this  would  be  equivalent  to  the  destruction 
of  83.33  per  cent  or  of  90  per  cent,  respectively,  a  rate  of  parasitism 
which  was  physically  an  impossible  accomplishment  for  the  egg 
parasites  alone.  Additional  parasitism  of  the  caterpillars  or  pupae 
would  be  a  requisite  to  success,  and  such  parasitism  would  of  neces- 
sity be  similarly  limited  in  many  instances  through  circumstances  as 
completely  beyond  our  control  as  the  physical  inability  of  Schedius  or 
Anastatus  to  parasitize  more  than  the  uppermost  layer  of  eggs  in  each 
mass  attacked.  Without  attempting  to  go  into  any  of  the  details 
of  the  processes  by  which  conclusions  were  reached,  it  was  finally 
determined,  beyond  any  doubts  arising  through  arguments  which 
have  been  presented  up  to  the  present  time,  that  an  aggregate  parasit- 
ism of  83.33  per  cent  would  be  absolutely  necessary  if  a  sixfold 
increase  was  to  be  met,  but  that  it  made  no  difference  whether  tliis 
was  brought  about  by  one  species  or  two  or  a  dozen,  or  whether  they 
attacked  the  egg,  the  caterpillar,  or  the  pupae.  It  was  also  deter- 
mined that  the  aggregate  percentage  necessary  could  not  be  secured 
by  simply  adding  together  the  figures  representing  the  parasitism 
resulting  tlirough  attack  by  each  of  two  or  more  species.  It  was 
going  to  be  necessary  to  combine  these  several  aggregates  in  a  dif- 
ferent manner.  To  illustrate:  A  50  per  cent  parasitism  of  the  eggs, 
if  it  could  possibly  be  secured,  followed  by  another  50  per  cent  parasit- 
ism of  the  caterpillars,  could  not  by  any  possibility  be  considered  as 
resulting  in  100  per  cent  parasitism  or  complete  extinction,  but  only  in 
50  per  cent  paravsitism  added  to  50  per  cent  of  what  remained,  which 
amounted,  in  effect,  to  25  per  cent  of  the  whole.  In  this  manner  an 
aggregate  of  75  per  cent  only  is  secured. 

As  is  illustrated  by  the  table  on  page  III,  it  requires  the  combina- 
tion of  an  imposing  array  of  figures  representing  relatively  small  per- 
centages of  parasitism  in  each  instance  to  acquire  a  sufficiently  large 
aggregate. 

It  was  further  determined  that  any  specific  amount  of  parasitism, 
as  20  per  cent  of  the  eggs,  was  neither  more  nor  less,  but  exactly  as 
effective  as  20  per  cent  parasitism  of  the  caterpillars  or  pupae,  in  so  far 
as  its  value  in  constructing  the  final  aggregate  was  concerned. 

It  can  not  be  denied  that  when  the  validity  of  these  conclusions 
became  established  and  when  in  addition  the  possibility  that  a  much 
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greater  rate  of  increase  than  sixfold  would  have  to  be  met  and  offset 
before  the  much-to-be-desired  consummation  could  reasonably  be 
expected  the  prospects  looked  rather  discouraging.  Recognition 
<rf  the  correlation,  which  existed  between  increased  abundance  and 
rate  of  increase  served  more  than  anything  else  to  allay  the  doubts 
which  these  reflections  created.  Field  woric  in  1908,  1909,  and  1910 
showed  pretty  conclusively  that  a  rate  of  increase  of  not  in  excess  of 
sixfold  and  possibly  considerably  less  prevailed  whenever  tlie  moth 
was  in  that  state  of  innocuousness  incident  to  the  scarcity  which 
it  was  hoped  to  bring  about  and  maintain  tlirough  the  introduction  of 
\he  parasites.  An  aggr^ate  parasitism  of  85  per  cent  will  almost 
certainly  be  sufficient,  and  it  may  well  be  that  80  per  cent  or  even 
75  per  cent  will  answer  equally  well.  Much  lees  than  75  per  cent  will 
probably  not  be  effective. 

THB  SZTSNT  TO  WHICH  THE  GIPSY  MOTH  IS  CONTBOLLBD 
THBOTJGH  PARASITISM  ABROAD. 

While  it  is  true  that  the  work  which  has  been  done  for  the  purpose 
of  determining  the  prevailing  rate  of  increase  of  the  gipsy  moth  in 
America  leaves  considerable  to  be  desired  in  the  way  of  exactness,  in 
the  main  tlie  statements  made  by  Forbush  and  Femald,  as  confirmed 
and  modified  by  later  observation,  may  be  accepted  as  essentially 
accurate.      It  is  fortunate  that  the  situation  is  no  worse  than  it  apj)ears 
to  be,  for  if  it  were  necessary  to  undertake  the  work  of  parasite  intro- 
duction with  the  idea  that  the  maximum  rate  of  increase  exhibited  by 
the  gipsy  moth  must  be  met  by  the  parasites,  such  an  unreasonable 
percentage  of  parasitism  would  be  demanded  as  to  make  the  propo- 
sition of  introducing  them  a  decidedly  difficult  task.     As  it  is,  there 
seems  to  be  good  reason  to  believe  that  a  parasitism  amounting  to 
75  per  cent  will  be  sufficient,  provided  that  it  can  be  maintained 
during  the  periods  when  the  moth  is  relatively  rare.     It  may  be 
that  less  than  that  will  answer  equally  well,  but  it  would  require 
actual  test  or  else  a  much  more  careful  study  of  the  actual  rate  of 
increase  of   the  moth  under  favorable  conditions  to   justify  such 
prophecy.     In  any  event,  85  per  cent  will  probably  be  amply  efficient, 
if  it  can  be  established  and  maintained  during  all  stages  in  the  abun- 
dsnce  of  the  moth.     Such  a  rate  would  undoubtedly  prevent  the  moth 
from  increasing  to  destructive  abundance  in  new  territory  or  from 
r^aining  ground  lost  through  the  activities  of  disease  in  older  infested 
regions. 

Granted  that  it  is  sufficient,  the  question  naturally  arises  as  to 
whether  such  a  degree  of  parasitism  is  to  be  found  abroad  in  coun- 
tries where  the  gipsy  moth  is  present  without  being  considered  as  a 
serious  pest. 
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There  is  very  little  published  information  at  hand  bearing  upon 
this  subject,  and  that  which  is  available  is  general  rather  than  defi- 
nite in  its  tenor.  Anyone  who  for  the  first  time  encounters  a  tree 
covered  with  caterpillars  of  the  gipsy  moth  dead  and  dying  through 
the  effects  of  the  "wilf  disease  is  very  apt  to  think  that  at  last 
the  gipsy  moth  has  met  its  Waterloo,  and  disillusionment  has  only 
come  in  the  present  work  as  the  result  of  several  years'  consecutive 
observations  in  the  same  or  similar  localities.  In  like  manner  the 
observations  of  foreign  entomologists,  or  of  American  entomologists 
traveling  abroad,  as  to  the  actual  effectiveness  of  the  parasites  in 
accomplishing  the  control  of  the  moth  have  to  be  taken  with  a  grain 
of  conservatism.  Parasitism  by  a  species  as  conspicuous  as  Aparv- 
tdes  Jvlvipes  to  the  extent  of  50  per  cent  would  undoubtedly  create 
a  most  favorable  impression  and  the  more  conspicuous  parasitized 
caterpillars  would  easily  appear  to  outnumber  the.  healthy.  This 
amount  of  parasitism  would  certainly  be  inefficient  in  America  unless 
it  were  supplemented  by  a  much  larger  amount  of  parasitism  by 
other  species. 

On  this  account  it  has  been  necessary  to  depend  very  largely  upon 
the  study  of  the  parasite  material  imported  from  abroad  as  a  source 
for  information  of  this  sort.  From  the  beginning  accurate  notes 
have  been  kept  of  the  many  thousands  of  boxes  of  eggs,  caterpillars, 
and  pupae  of  the  gipsy  moth  and  brown-tail  moth,  in  which  are 
recorded  the  locality  from  which  each  lot  came,  its  condition  on 
receipt,  and  the  number  and  variety  of  parasites  reared  in  each 
instance.  The  records  are  necessarily  based  in  most  instances  upon 
such  information  as  may  be  gained  through  a  study  of  the  condition 
of  the  material  on  receipt  and  the  parasites  reared,  but  in  a  few 
careful  dissection  work  has  been  carried  on  to  determine  the  true 
conditions,  and  thus  to  check  up  the  results  of  the  rearing  work. 
It  has  been  found  that  the  amount  of  dependence  which  can  be 
placed  upon  the  rearing  records  is  relatively  small,  and  that  noth- 
ing more  than  a  general  idea  of  conditions  actually  prevailing  can  be 
gleaned  from  them.  -  Nearly  always  some  of  the  caterpillars  or  pupsB 
are  dead  or  dying  upon  receipt  as  a  result  of  the  ordeal  through  wliich 
they  have  passed.  On  the  average,  taking  the  gipsy-moth  material 
from  all  locaUties,  not  more  than  25  per  cent  has  arrived  in  good 
condition  (when  the  shipment  of  eggs  is  excepted).  The  brown- 
tail  moth  material  has  averaged  very  much  better,  and  probably  75 
per  cent  has  been  in  good  condition  on  receipt. 

It  has  been  found  that  sometimes  a  larger  percentage  of  parasites 
than  of  caterpillars  or  pupsB  died  en  route,  while  at  other  times  these 
conditions  are  entirely  reversed,  and  since  dissections  can  not  be 
made  in  every  instance,  it  has  been  necessary  to  consider  the  para- 
sitism indicated  by  the  notes  upon  two  different  bases,  i.  e.,  that  of 
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the  number  of  hosts  originally  involved  and  that  of  the  number  suc- 
cessfully completing  their  transformations.  If  from  a  lot  of  1,000 
brown-tail  caterpillars  250  individuals  of  Parexorista  chdonix  and 
250  moths  are  reared,  it  is  perfectly  safe  to  assume  that  parasitism 
by  Parexorista  amounts  to  more  than  25  per  cent  and  less  than  75 
per  cent.  Further  than  this  nothing  absolutely  definite  may  be  said. 
Exactly  the  same  is  true  of  the  determination  of  prevailing  rates  of 
parasitism  of  native  insects  through  rearing  work. 

On  account  of  the  inadequacy  of  these  methods  when  it  comes  to 
the  i>oint  of  securing  absolutely  authentic  information,  not  nearly  so 
much  is  known  of  the  parasitism  of  the  gipsy  moth  or  of  the  brown- 
tail  moth  abroad  as  is  needed  to  carry  on  the  work  to  its  best  advan- 
tage. This  much,  however,  can  be  said  definitely,  that  in  some 
instances  existing  parasitism  is  sufficient  to  answer  the  requirements 
of  the  situation  in  America;  in  others  it  is  obviously  insufficient;  in 
most  the  results  of  the  study  of  imported  material  are  not  sufficiently 
reUable  to  support  either  contention. 

Here,  again,  was  food  for  serious  consideration  when  it  came  to 
the  point  of  making  definite  recommendations  concerning  the  con- 
tinuation of  the  work.  Would  the  foreign  parasites  certainly  meet 
the  demands  which  would  be  made  upon  them  in  America? 

This  has  been  answered  in  the  affirmative  through  its  considera- 
tion from  quite  a  variety  of  different  viewpoints.  For  one  thing, 
the  lack  of  accurate  information  as  to  the  conditions  under  which  the 
parasite  material  was  originally  collected,  has  rendered  the  results 
of  its  study  in.  America  of  difficult  analysis.  No  one,  for  example, 
would  seriously  question  the  statement  that  the  wliite-marked  tus- 
sock moth  is  under  well-nigh  perfect  control  in  America  except  in 
cities.  Nevertheless,  if  it  was  desired  to  transport  caterpillars  or 
pupse  of  this  insect  to  Europe  in  order  that  its  parasites  might  be 
reared,  the  agent  intrusted  with  the  collection  of  the  material  for 
exportation  would  certainly  go  to  the  city  for  it,  and  the  person  who 
received  and  studied  it  upon  the  other  side  would  find  so  few  para- 
sites present  as  to  justify  exactly  the  same  doubts  concerning  the 
parasitism  of  the  tussock  moth  in  America  as  have  actually  arisen 
concerning  the  parasitism  of  the  gipsy  moth  and  the  brown-tail  moth 
m  Europe.  The  tussock  moth  is  not  often  subjected  to  the  full 
extent  of  parasitism  necessary  to  effect  its  control  in  any  locality 
from  which  caterpillars  can  be  secured  in  quantity.  It  is  reasonable 
to  suppose  that  something  of  the  same  sort  is  true  of  the  gipsy  moth 
or  of  the  brown-tail  moth. 

Furthertnore,  the  study  of  the  tussock  moth  has  resulted  in  demon- 
strating another  fact  which  is  of  pecuUar  interest  in  this  connection, 
which  is,  that  the  parasites  which  assist  in  effecting  its  control  in 
country  districts  where  this  control  is  perfect  are  sometimes  entirely 
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absent  in  the  city.  Something  of  the  same  sort  may  be  true  of  the 
parasites  which  assist  in  effecting  the  control  of  the  gipsy  moth  in 
many  localities  in  Europe  where  it  is  so  uncommon  as  to  make  col- 
lection of  material  for  exportation  in  any  quantity  impossible.  Some 
of  the  most  interesting  lots  of  caterpillars  or  pupae  which  have  been 
received  were  from  such  locaUties,  and  it  may  well  be  that  there  are 
parasites  abroad  which  have  not  been  received  at  the  laboratory  in 
Massachusetts  in  sufficient  quantity  for  colonization,  and  which  can 
never  be  received  there  until  new  methods  for  collecting  and  import- 
ing them  are  devised,  but  which  at  the  same  time  are  actually  among 
the  important  species.  This  fact  can  only  be  determined  definitely 
by  careful  study  of  the  gipsy  moth  in  locaUties  where  it  was  hot 
sufficiently  abundant  to  permit  of  its  collection  in  large  quantities. 
These  studies,  it  is  hoped,  will  be  instituted  in  1911,  and  so  long  as 
the  gipsy  moth  continues  to  be  a  serious  pest  in  America  the  inves- 
tigation of  its  parasites  abroad  ought  to  be  continued. 

The  ramifications  of  the  parasite  work  have  been  so  many  and  so 
diverse  and  have  led  so  far  afield,  both  literally  and  metaphorically 
speaking,  as  to  make  it  practically  impossible  to  report  upon  it  as  a 
whole  as  fully  as  would  be  desirable  and  practicable  were  it  less 
extensive  and  varied.  A  chapter  might  be  written  upon  the  para- 
sitism of  the  gipsy  moth  and  another  upon  that  of  the  brown-tail 
moth  in  each  of  the  several  countries  in  Europe  from  which  the 
parasite  material  has  been  imported,  but  it  is  wholly  impracticable 
to  do  so.  At  the  same  time,  now  that  a  new  phase  of  the  work  is 
being  entered  upon,  it  will  not  be  out  of  place  to  review  in  some 
slight  detail  the  results  of  the  work  which  has  been  carried  on  in  a 
few  of  the  locaUties  which,  for  one  reason  or  another,  may  be  selected 
as  of  more  than  general  interest  in  this  immediate  connection,  but 
which  are  at  the  same  time  and  in  another  sense  typical. 

PARASITISM    OF  THE   GIPSY   MOTH   IN   JAPAN. 

From  the  viewpoint  of  gipsy-moth  parasitism  Japan  possesses  a 
peculiar  interest,  because,  if  wie  are  to  judge  from  the  reports  of 
those  who  have  been  there  and  incidentally  or  critically  studied  the 
situation,  the  Japanese  gipsy  moth  is  pretty  thoroughly  controlled 
through  natural  agencies,  and  among  these  its  parasites  appear  to 
rank  very  high.  This  is  the  more  interesting  and  encouraging 
because  the  Japanese  race  is  notably  larger  and  at  the  same  time 
more  fecund  than  the  European,  judging  from  counts  as  made  at  the 
laboratory  of  the  number  of  eggs  in  a  mass. 

In  1908,  after  several  unsuccessful  attempts  which  had  been  made 
to  import  its  parasites  had  served  to  domonstrate  the  futility  of  any 
less  radical  course.  Prof.  Trevor  Kihcaid,  of  the  University  of  Wash- 
ington, Seattle,  was  delegated  to  spend  the  summer  there  in  the 
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mteiesta  of  t\ie  i^ork.  As  a  result  numerous  large  shipments  of 
parasite  cocoons  and  puparia,  as  well  as  of  caterpillars  in  various 
stag^  and  oi  pupae  were  received  at  the  laboratory.  The  condition 
of  the  material  on  receipt  compared  more  than  favorably  with  the 
average  oi  similar  shipments  from  Europe,  and  for  the  first  time 
opportunity  was  afforded  for  the  actual  first-hand  investigation  of 
the  parasitic  fauna  of  the  gipsy  moth  in  Japan. 

Similar  shipments  were  made  ui  1909  and  1910,  with  even  better 
results  in  so  far  as  the  condition  of  the  material  on  receipt  was  con- 
cerned, and  several  of  the  more  important  parasites  have  now  been 
Uberated  in  the  field  in  America  imder  conditions  which  are  appar- 
ently ideal  and  which  ought  to  encompass  their  introduction  and 
establishment,  if  such  a  thing  is  possible. 

Table  1. — Sequence  of  gipey-moth  parasites  in  Japan. 
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A  total  of  14  species  of  parasites  has  been  reared  from  the 
imported  material,  of  which  7  were  present  in  sufficient  abim- 
dance  to  indicate  that  they  were  of  real  importance  in  effecting  the 
control  of  the  moth.  Two  species  are  of  such  doubtful  host  rela- 
tionship as  to  have  been  omitted  from  Table  I. 

Specimens  of  one  species,  Meteorus  japonicus,  the  importance  of 
which  is  not  indicated  by  the  examination  of  the  imported  material, 
have  been  sent  to  us  by  Mr.  Kuwana  with  the  statement  that  it  is  some- 
times, locally  at  least,  a  common  parasite,  but  none  for  colonization 
has  been  received.  Still  another  is  of  possible  importance,  judging 
from  the  very  limited  opportimity  which  we  have  had  for  its  investi- 
gation, but  none  of  the  others  is  of  proved  worth.  Sincfe  nothing  is 
actually  known  of  the  conditions  under  which  particular  lots  of 
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parasite  material  were  collected,  it  can  not  be  stated  as  confidently 
as  the  circumstances  render  desirable  that  some  among  the  others 
are  not  incidentally  of  value  in  keeping  reduced  the  nimibers  of  the 
moth  in  localities  where  it  is  too  rare  to  permit  of  collection  of  mate- 
rial for  shipment  to  America. 

Prof.  Kincaid's  reports  upon  the  effectiveness  of  the  parasites,  even 
when  taken  with  more  than  the  prescribed  grain  of  conservatism,  have 
been  so  consistently  optimistic  as  to  leave  no  room  to  doubt  that  the 
parasitism  to  which  the  moth  is  subjected  in  Japan,  even  in  localities 
where  it  is  more  than  normally  prevalent,  is  sufficient  to  meet  and 
overcome  the  rate  of  increase  of  the  gipsy  moth  in  America. 

How  these  parasites  work  together  in  bringing  about  the  control 
of  the  moth  in  Japan  is  indicated  in  Table  I,  which,  with  its  explana- 
tion, was  published  in  a  somewhat  abbreviated  form  in  the  popular 
bulletin  by  the  junior  author  which  was  issued  through*  the  office  of 
the  State  forester  of  Massachusetts  a  year  ago. 

The  addition  of  the  names  of  the  species  marked  with  an  asterisk 
makes  the  list  complete,  so  far  as  it  may  be  completed  through  the 
information  now  available.  The  species  so  designated  are  those 
which  have  never  been  received  in  sufficient  abundance  to  make  their 
colonization  possible,  and  among  them  are  some  which  are  doubtless 
of  wholly  insignificant  importance  from  an  economic  standpoint, 
while  others  may,  upon  investigation,  prove  to  be  of  more  than  suffi- 
cient importance  to  justify  an  attempt  to  secure  their  introduction 
into  America. 

Opposite  the  name  of  each  parasite,  extending  across  a  certain 
number  of  the  vertical  columns,  is  a  dotted  line.  The  vertical  col- 
umns indicate  different  stages  in  the  development  and  transforma- 
tions of  the  gipsy  moth,  as  the  egg,  the  caterpillar,  and  the  pupa,  and 
these  are  still  further  divided  into  caterpillars  of  different  sizes  and 
eggs  and  pupsB  of  different  ages  and  conditions.  At  the  head  of  each 
colimm  is  stated  the  approximate  number  of  days  during  which  the 
individual  gipsy  moth  remains  in  that  particular  stage. 

The  dotted  line  following  the  name  of  the  parasite  indicates  those 
stages  in  the  life  of  the  gipsy  moth  during  which  the  latter  is  likely 
to  be  attacked  by  the  parasite  in  question,  and  it  will  be  seen  that  in 
a  number  of  instances,  as,  for  example,  Chalcis  and  Theronia,  this 
period  is  exceedingly  short.  The  solid  line  indicates  the  st^es  in  the 
life  of  the  gipsy  moth  during  which  it  is  likely  to  contain  the  parasite 
in  its  body.  This,  it  may  also  be  noted,  varies  considerably.  Crosso- 
cosmia,  for  example,  gains  lodgment  in  the  active  caterpillar  while 
it  is  only  about  half  grown,  and  the  extension  of  the  solid  line  across 
all  of  the  columns  which  stand  for  the  later  caterpillar  stages,  as  well 
as  for  all  of  the  pupal  stages,  indicates  that  the  larvae  of  this  parasite 
do  not  leave  the  host  caterpillar  imtil  after  it  has  transformed  to  a 
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pupa,  and  until  the  moth  would  naturally  have  emerged  had  the 
pupa  remained  healthy  and  unparasitized: 

It  will  be  noted  that  the  parasites  not  designated  by  the  asterisks, 
and  which  are  therefore  to  be  considered  as  of  some  importance  in 
effecting  the  control  of  the  moth,  form,  when  taken  together,  a  perfect 
sequence,  and  that  every  stage  of  the  moth  from  the  newly  deposited 
egg  to  the  pupa  is  subjected  to  attack.  It  is  furthermore  of  interest 
to  note  m  this  connection  that,  so  far  as  may  be  determined  from  the 
scanty  information  available,  all  of  these  parasites  are  present  in  more 
or  less  eflBcient  abundance  within  a  limited  area  in  the  vicinity  of 
Tokyo,  from  which  a  part,  and  presumably  the  greater  part,  of  the 
material  was  collected  for  exportation. 

PARASITISM   OF  THE   GIPSY   MOTH   IN   RUSSIA. 

The  earliest  first-hand  knowledge  of  the  gipsy  moth  and  its  para^ 
sites  iii  Russia  was  secured  as  the  result  of  the  visit  paid  to  that 
country  by  the  senior  author  in  the  spring  of  1907.  Through  his 
instrumentality  several  of  the  Russian  entomologists  were  interested 
in  the  parasite-introduction  work  to  such  a  practical  extent  as  to 
collect  or  cause  to  be  collected  and  forwarded  to  America  several 
small  and  a  few  lai^e  shipments  of  the  eggs,  caterpillars,  and  pupae 
of  both  the  gipsy  moth  and  the  brown-tail  moth.  The  difficulties 
attending  the  importation  of  material  from  Russia  proved  to  be  con- 
siderably more  real  and  less  easily  surmountable  than  those  which 
were  so  successfully  overcome  in  the  instance  of  the  Japanese  ship- 
ments, and  for  the  most  part  the  Russian  material  was  of  more  interest 
from  a  technical  than  from  an  economic  standpoint  by  the  time  it 
arrived  at  the  laboratory. 

From  a  technical  standpoint  it  was  exceedingly  interesting  and 
valuable,  since  there  were  found  to  be  present  in  the  boxes  of  young 
gipsy-moth  caterpillars  the  cocoons  of  several  species  of  hymenop- 
terous  parasites  which  had  either  not  been  received  from  other  sources 
or  wliich  were  not  known  to  be  sufficiently  abundant  in  any  other 
part  of  Europe  to  make  possible  their  collection  in  large  quantities. 
Prof.  Kincaid's  successful  prosecution  of  the  Japanese  work  encour- 
aged his  selection  as  the  best  and  most  experienced  agent  available 
for  the  decidedly  more  difficult  proposition  of  visiting  Russia  and 
attempting  to  secure  an  adequate  supply  of  the  several  species  of 
parasites  which  could  only  be  secured  in  that  country  to  advantage, 
so  far  as  could  be  determined  from  the  information  then  at  hand. 

The  manner  in  which  he  was  impressed  by  the  gipsy-moth  situa- 
tion which  he  encountered  there  is  best  described  in  the  following 
extracts  from  his  letters,  in  the  course  of  which  occasional  compari- 
sons are  made  between  Russian  and  Japanese  conditions. 
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Bendery,  Bessarabia,  Russia,  June  lly  1909. 
The  season  here  is  in  full  swing,  but  the  situation  causes  me  considerable  anxiety, 
as  the  whole  business  is  so  utterly  different  from  my  experience  in  Japan.  The  dam- 
age wrought  by  dispar  in  the  forests  and  orchards  of  Bessarabia  this  season  is  enormous 
and  parasite  control  seems  to  be  most  inefficient  in  checking  the  depredations  of  the 
caterpillars.  When  I  think  of  the  masterly  and  well-orderQd  attack  of  the  Japanese 
parasites  and  the  splendid  fashion  in  which  they  wiped  out  the  caterpillars  in  large 
areas  before  depredation  took  place  I  am  surprised  by  what  I  see  here.  When  I  left 
Gauchesty  on  May  31  the  forests  of  that  district  were  thoroughly  riddled  over  thousands 
of  acres,  and  yet  I  had  seen  no  sign  of  insects,  fungous,  or  bacterial  attack  except  a 
couple  of  clusters  of  Apan teles  cocoons.  ♦  ♦  ♦  Dispar  seemed  to  be  having  its 
own  way  as  fully  as  in  America,  so  far  as  could  be  seen  on  the  surface.  ♦  ♦  *  Here 
at  Bendery  the  season  is  slightly  more  advanced,  owing  to  the  lower  altitude,  and  the 
prospects  of  securing  parasites  of  dispar  seem  better.  Even  here,  however,  the  situa- 
tion seems  to  me  quite  remarkable.  I  have  available  three  extensive  and  very  dif- 
ferent collecting  grounds.  The  great  forest  of  Gerbofsky  about  6  versts  from  Ben- 
dery is  composed  almost  exclusively  of  oaks.  An  immense  area  is  covered  by  trees 
of  this  species,  forming  magnificent  groves  of  fine  trees  80  to  100  years  old.  Thousands 
of  these  great  trees  are  completely  defoliated,  so  that  no  sign  of  foliage  remains.  In 
the  same  forest  are  groves  of  young  trees  of  the  same  kind,  also  greatly  damaged. 
Examining  the  myriads  of  caterpillars  in  the  field,  I  have  found  no  sign  of  parasite 
attack  or  of  fungous  disease  except  the  work  of  Apanteles.  *  ♦  ♦  The  percentage 
of  attack  by  Apanteles  is  so  small  that  rearing  in  trays  is  of  little  practical  importance. 
One  would  have  to  have  billions  of  caterpillars  to  do  any  good.  Collecting  in  the 
field  is  very  difficult,  as  the  caterpillars  creep  into  crevices  or  suspend  themselves 
to  branches  at  some  height  from  the  ground,  where  they  are  hard  to  reach.  No  8ig:ii 
of  bacterial  disease  has  appeared  in  this  area,  nor  have  I  seen  any  evidence  of  tachinid 
attack  in  the  field  or  in  my  rearing  trays.  Another  great  forest  of  about  500  acres  is 
at  Kitzkany,  about  7  versts  from  Bendery  on  the  banks  of  the  Dniester,  a  low  damp 
situation.  This  forest  has  no  oaks  but  is  much  mixed.  The  principal  tree  is  Populu^ 
niffra,  but  there  are  many  other  trees,  as  Ulmus,  Acer,  Salix,  etc.  Here  again  the 
damage  is  tremendous,  with  almost  no  sign  of  parasite  attack.  Prolonged  search 
yielded  a  few  cocoons  of  Apanteles.  On  the  other  hand,  thousands  of  the  older  cater- 
pillars were  found  in  the  pendulous  condition  so  characteristic  of  bacterial  attack. 
The  third  condition  I  found  in  the  numerous  orchards  adjacent  to  both  of  these  for- 
ested areas.  These  orchards  have  been  almost  overwhelmed  by  dispar.  The  more 
progressive  peasants  have  protected  their  trees  by  rings  of  axle  grease  or  by  strips  of 
cotton  wool,  but  others  have  done  nothing  and  the  trees  are  quite  stripped.  *  *  ♦ 
The  sight  of  a  tree  covered  with  hundreds  of  dead  caterpillars  bearing  clusters  of 
Apanteles  cocoons  such  as  I  saw  in  Japan  seems  not  to  be  hoped  for. 


KiEP,  June  26y  1909, 
From  what  I  can  see  in  the  field  and  from  what  I  can  gather  from  Prof.  Pospielow, 
dispar  was  almost  exterminated  in  this  district  last  year  through  the  activity  of  the 
parasites.  Only  a  few  isolated  colonies  seem  to  have  survived,  the  most  important 
of  these  being  at  Mishighari,  a  small  place  on  the  river  about  two  hours  by  steamer 
from  Kief.  In  this  place,  which  is  perhaps  100  acres  in  extent,  the  trees  are  plas- 
tered with  cocoons  of  Apanteles  fulvipes.  The  attack  of  the  parasite  was  so  thorough 
that  the  first  generation  seems  to  have  been  sufficient  to  wipe  out  the  caterpillars,  as 
I  can  find  no  large  caterpillars  about  the  place,  and  a  few  days  will  doubtless  witness 
the  complete  wiping  out  of  dispar.  *  ♦  ♦  Tachinids  also  appear  to  be  ver>'  active, 
as  I  find  many  eggs,  but  as  these  are  laid  upon  caterpillars  suffering  from  the  attacks 
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of  Apanteles  it  would  seem  aa  if  the  emaciated  caterpillars  could  not  supply  sufScien) 
Dourishment  to  bring  the  tachinidB  to  maturity.  ♦  ♦  ♦  From  the  standpoint  of 
parasite  control  the  situation  at  Kief  is  most  inspiring,  but  as  a  field  in  which  to  gather 
a  quantity  of  material  it  is  evidently  not  very  hopeful.  The  whole  situation  is  in 
violent  contrast  to  what  I  found  at  Bendery  and  Gauchesty,  where  dispar  is  vastly 
more  abundant  this  year  than  last,  with  little  sign  of  the  multiplication  of  parasites. 


Bendery,  Russia,  July  10,  1909, 
In  the  forest  of  Kitzkany  where  dispar  caterpillars  prevailed  to  an  incredible  extent 
three  weeks  ago,  not  a  single  caterpillar  or  pupa  is  to  be  found.  An  epidemic  of  a 
bacterial  nature  swept  them  away  in  millions.  In  the  forest  of  Gerbofsky,  among 
the  great  oak  trees,  the  number  of  caterpillars  that  have  formed  pupee  is  surprisingly 
anall.  Vast  numbers  of  caterpillars  swarmed  over  the  trees,  completely  stripping 
them  of  leaves.  Deserting  the  trees,  the  cat^pillars  swarmed  over  the  ground  in 
search  of  other  food  and  vast  numbers  died  of  starvation  and  disease.  These  trees 
are  now  putting  forth  new  leaves  which  promise  to  sustain  the  life  of  the  forest. 

After  the  close  of  the  *' caterpillar  season''  in  1910  the  junior  author 
took  a  vacation  trip  to  Europe  and,  thanks  to  an  extension  of  leave 
for  the  purpose  and  still  more  to  the  kindness  of  Mr.  N.  Kourdumoff, 
entomologist  of  the  experiment  station  in  Poltava,  was  enabled  to 
spend  about  10  days  in  the  field  in  Kief  and  Kharkof  Provinces.  In 
Kief  the  forest  at  Mishighari,  which  is  mentioned  by  Prof.  Kincaid 
as  the  one  locality  where  he  found  the  parasites  in  control,  was  visited, 
as  well  as  several  other  localities  in  that  province.  This  portion  of 
Kief  Province,  topographically,  meteorologically,  and  otherwise,  is 
radically  different  from  Massachusetts,  and  much  more  like  portions 
of  Minnesota  than  any  other  part  of  the  United  States  with  which  the 
visitor  is  at  all  familiar.  The  forests,  which  are  limited  in  extent  as 
compared  with  those  of  Massachusetts,  are  less  diversified.  For 
the  most  part  they  are  of  pine,  mingled  with  a  small  quantity  of  oak, 
wild  pear,  birch,  and  occasionally  other  trees.  Everywhere  the 
ppsy  moth  was  rare  or  at  least  uncommon,  and  everywhere  the 
cocoon  masses  of  Apantdes  fidvipes  were  at  least  as  abundant  as  the 
egg  masses  of  their  host. 

At  Mishighari  the  conditions  remained  much  as  described  by  Prof. 
Kincaid,  except  that  the  cocoon  masses  of  Ap  an  teles  were  even  more 
abundant  than  his  letters  would  indicate.  Upon  some  trees  they 
were  litterally  matted  together  by  the  thousands  in  such  semipro- 
tected  situations  as  are  selected  by  the  caterpillars  at  the  time  of 
molting.  The  forest  in  this  particular  locality  was  varied  to  an  extent 
not  noticed  elsewhere.  In  addition  to  the  generally  distributed  oak, 
birch,  and  poplar  were  quantities  of  beech,  :-lder,  Carpinus,  maple, 
ehn,  and  other  species,  while  the  shrubs  were  equally  varied  and  abun- 
dant. The  forest  was  situated  upon  the  steep  bluffs  overhanging  the 
Dnieper,  running  down  on  one  side  to  its  banks,  where  great  willows 
bore  evidence  of  the  high  water  which  sometimes  covered  their 
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trunks,  and  on  the  other  extending  back  some  little  distance  until  it 
was  met  by  a  wide  stretch  of  treeless  prairie.  Here,  at  least,  parasite 
control  of  the  gipsy  moth  appeared  to  be  pretty  thoroughly  effective, 
since  there  were  in  evidence  a  vastly  larger  number  of  old  cocoon 
masses  of  the  Apanteles  than  there  were  of  old  egg  masses  of  its  host, 
and  the  new  egg  masses  were  enormously  outnumbered  by  the  old. 
According  to  Prof.  Pospielow,  who  was  a  member  of  the  party,  the 
forest  in  this  locaUty  was  almost  completely  defoUated  in  1908,  but 
there  was  no  indication  of  damage  to  any  of  the  trees  composiog  it, 
and  every  indication  that  the  parasites  alone  were  responsible  for  the 
disappearance  of  the  moth. 

In  several  other  localities  along  the  banks  of  the  Dnieper  the  condi- 
tions encountered  were  essentially  the  same,  differing  principally  in 
the  lesser  abundance  of  both  egg  masses  and  parasite  cocoons.  In 
one  locality  quite  near  to  Kief,  fresh  egg  masses  were  more  conmion 
than  at  Mishighari,  and  cocoon  masses  of  the  season  of  1910  were  also 
more  common.  It  seemed  to  offer  opportunities  for  the  collection  of 
a  sufficiently  large  quantity  of  this  parasite  to  make  an* experiment  in 
importation  and  colonization  possible  and  practicable  in  1911,  which 
it  is  hoped  may  be  carried  out. 

In  Kharkof  conditions,  both  as  regards  the  gipsy  moth,  its  para- 
sites, and  the  country  at  large,  were  essentially  different  from  those 
in  Kief.  Numerous  localities  from  5  to  20  miles  out  of  the  city  in 
different  directions  were  visited,  and  everywhere  indications  of  the 
recent  presence  of  the  gipsy  moth  were  found  in  abundance.  Old  egg 
masses  were  massed  around  the  base  of  the  trees  in  a  manner  exceed- 
ingly suggestive  of  uncared  for  woodland  in  Massachusetts,  and 
mingled  with  them  were  a  very  few  fresh  masses;  so  few,  relatively, 
as  to  indicate  most  conclusively  that  the  moth  had  encountered  very 
adverse  conditions  during  the  season  of  1910,  wth  the  result  that  its 
abundance  had  been  most  materially  reduced. 

In  every  locaUty  the  conditions  were  the  same,  although  the 
character  of  the  forest  varied  to  a  material  extent.  For  the  m'ost  part 
the  province  of  Kharkof  is  devoid  of  forest,  and  quite  suggestive  of 
parts  of  North  Dakota  in  appearance.  Such  forest  as  does  occur  is 
mostly  confined  to  the  valleys  in  the  neighborhood  of  streams,  and 
though  it  may  be  fairly  extensive,  it  is  rarely  very  diverse.  No  pine 
was  seen.  Oak  predominates  very  largely  and,  with  the  exception 
of  some  birch,  forms  practically  pure  forests  away  from  the  lowlands, 
except  in  the  best  watered  localities. 

Everywhere,  irrespective  of  the  character  of  the  forest,  the  gipsy 
moth  was  found  under  the  circumstances  recounted  above.  Every- 
where there  had  been  an  abundance  of  eggs  in  the  spring,  everywhere 
there  had  been  an  abundance  of  caterpillars,  a  considerable  propor- 
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tion  of  which  had  gone  through  to  pupation,  and  everywhere  the 
number  of  fresh  egg  masses  was  very  much  smaller  than  was  that  of 
the  old.  Nowhere  was  there  evidence  of  parasitism  by  Apanteles 
fulvipes  to  anything  like  the  extent  which  prevailed  in  the  vicinity  of 
Kief.  Cocoon  masses  were  occasionally  found,  nearly  always  old, 
sometimes  very  old  and  so  discolored  as  to  be  with  difficulty  dis- 
tinguished from  the  bark  to  which  they  were  attached.  In  Kief  the 
number  of  cocoon  masses  was  everywhere  in  considerable  excess  over 
the  number  of  egg  masses.  Here  the  number  of  egg  masses  was  enor- 
mously in  excess  of  the  number  of  cocoon  masses. 

Examination  of  the  pupal  shells  for  evidences  of  parasitism  was 
unavailing.  It  could  be  said  with  assiu'ance  that  pupal  parasites 
were  certainly  not  common  and  that  the  death  of  the  pupaa  (for  pro- 
portionately very  few  of  them  hatched)  was  not  due  to  any  of  the 
pupal  parasites  which  were  known  from  western  European  localities. 
Hie  earth  beneath  the  cocoon  masses  was  examined  for  evidences  of 
tachinid  puparia.  For  a  time  none  was  found,  but  search  was  finally 
rewarded  by  the  discovery  of  Blepfiaripa  scuteUaUi  in  most  extraor- 
dinary abundance  in  a  single  one  among  the  numerous  localities 
visited.  This  particular  forest,  which  was  very  near  to  the  village 
of  Rhijhof  and  about  8  miles  from  Kharkof,  was  unique  among  the 
others  visit€kl  in  the  variety  of  its  trees.  The  soil  was  rich,  the  trees 
were  larger,  and  the  undergrowth  was  more  abundant  and  varied, 
but  at  the  same  time  there  was  less  diversity  than  was  encountered 
in  the  forest  at  Mishighari.  Unfortunately,  the  presence  of  the 
puparia  could  not  be  considered  as  of  much  significance,  because  they 
were  practically  all  hatched  and  obviously  dated  back  more  than  one 
year.  The  parasite  had  surely  not  been  responsible  for  the  reduction 
in  numbers  of  the  gipsy  moth  which  had  taken  place  in  the  season  of 
1910,  and  neither  had  it  prevented  the  moth  from  increasing  to  such 
numbers  as  to  bring  about  partial  defoliation  of  the  forest  in  1910 
before  disaster  in  one  form  or  another  had  overtaken  it. 

Of  other  tachinids  there  were  practically  none,  and  it  is  certain  that 
they  would  have  been  found  had  they  been  present.  Compsilura 
condnnata  is  even  now  so  abundant  as  a  parasite  of  the  gipsy  moth  in 
Massachusetts  as  to  bring  about  an  appreciable  percentage  of  destruc- 
tion in  1910,  and  its  puparia  are  recovered  from  the  field  with  ease. 
Had  it  been  one-tenth  as  conmion  in  Russia  it  could  not  have  failed 
of  detection.  The  same  is  true  of  Tachina,  which,  although  it  effects 
a  parasitism  of  less  than  1  per  cent  in  Massachusetts,  is  not  difficult 
of  detection,  and  it  is  safe  to  say  that  not  much  if  any  more  than  this 
amount  of  parasitism  prevailed  in  Kharkof.  All  told,  not  enough 
parasites  were  found  to  indicate  that  they  had  played  any  important 
part  in  the  reduction  of  the  moth  from  a  serious  menace  to  the  well- 
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being  of  the  forest  to  such  small  numbers  as  to  require  several  years 
at  least  before  it  would  be  possible  for  such  conditions  to  recur. 
.  The  investigations  having  been  conducted  in  September,  some  time 
after  the  death  of  all  of  the  caterpillars  and  pupsB,  it  was  no  longer 
possible  to  determine  with  assurance  the  cause  for  the  peculiar  condi- 
tions, but  everything  conspired  to  mdicate  .that  nothing  less  than  an 
epidemic  of  disease  had  been  responsible.  The  condition  of  the 
pupal  shells  which  hung  upon  the  trees  in  countless  thousands  was  in 
every  respect  identical  with  the  condition  of  the  pupal  shells  which 
are  to  be  found  in  Massachusetts  in  every  locality  where  the  disease 
has  prevailed  to  a  destructive  extent  the  season  before.  Among  the 
old  egg  masses  which  plastered  the  extreme  base  of  nearly  every  tree 
in  most  of  the  localities  visited  were  found  a  variable,  and  sometimes 
a  very  large,  proportion  which  had  hatched  only  in  part  or  not  at  all. 
The  appearance  of  these  unhatched  masses  was  identical  in  every 
respect  with  the  appearance  of  similarly  large  numbers  which  are 
frequently  found  in  Massachusetts.  The  reason  for  the  nonhatching 
of  the  eggs  is  not  yet  plain,  but  it  is  the  consensus  of  opinion  that  this 
is  probably  associated  with  the  **wilt"  disease.  It  is  known  that 
affected  caterpillars  may  pupate  before  death,  and  it  seems  not  illogi- 
cal to  suppose  that  slightly  affected  caterpillars  may  pupate  and 
produce  moths  which  are  able  to  deposit  their  eggs,  but  that  these 
eggs  fail  to  hatch  as  the  direct  result  of  the  taint  in  the  blood  of 
their  parent. 

These  Russian  experiences  seem,  on  the  whole,  to  indicate  that 
in  that  country  the  gipsy  moth  is  not  controlled  by  its  parasites  to 
an  extent  which  serves  to  remove  it  from  the  ranks  of  a  destructive 
pest.  But  as  one  day  after  another  in  the  field  at  Kharkof  served 
more  and  more  indelibly  to  deepen  this  conviction,  it  served  equally, 
first  to  create,  and  finally  in  retrospect  to  confirm,  the  observer  in 
another,  which  was,  in  effect,  that  if  this  was  the  best  that  could  be 
expected  of  disease  as  a  factor  in  the  control  of  the  gipsy  moth  in  its 
» native  home  then  something  better  than  disease  must  be  found  to 
control  it  in  America.  Just  so  long  as  conditions  similar  to  those  seen 
in  Kharkof  or  pictured  in  the  letters  of  Prof.  Kincaid  are  allowed  to 
prevail  in  Massachusetts  just  so  long  wiQ  the  incentive  remain  to  see 
the  parasite-introduction  experiment  carried  on  until  success  is  either 
achieved  or  proved  impossible.  Conditions  similar  to  those  prevail- 
ing in  Russia  emphatically  do  not  prevail  in  western  Europe,  nor, 
according  to  all  accounts,  in  Japan.  Natural  conditions  in  western 
Europe  and  in  Japan  are  in  many  respects  more  like  those  of  our  own 
Eastern  States  than  are  those  of  Kharkof  Province.  Conditions  in 
Kief  Province,  even,  are  much  more  Uke  those  of  Massachusetts  than 
are  those  of  Kharkof,  and  in  Kief  parasite  control  seemed  to  be  an 
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accomplished  fact,  although  of  course  there  is  no  assurance  that  it  is 
continuous  and  perfect. 

The  final  outcome  of  the  Russian  experience  was,  therefore,  the 
opposite  of  what  might  have  been  expected,  and  it  resulted  in  a  firmer 
determination  than  ever  to  carry  the  work  through  to  its  end. 

PARASmSM   OF  THE   GIPSY   MOTH   IN   SOUTHERN   FRANCE. 

Following  the  10  days  in  Russia  a  shorter  period  was  spent  by  the 
junior  author  in  somewhat  similar  field  work  in  southern  France, 
where,  with  the  aid  of  ij.  Dillon,  he  w^as  enabled  to  visit  the  localities 
from  which  the  largest,  and  in  that  respect  the  most  satisfactory, 
shipments  of  parasite  material  ever  received  at  the  laboratory  were 
collected.  As  the  direct  result  of  the  senior  author's  visit  to  Europe 
in  1909  some  thousands  of  boxes  containing  hundreds  of  thousands  of 
gipsy-moth  caterpillars  had  been  collected  in  the  vicinity  of  Hydres, 
about  50  miles  to  the  eastward  of  Marseilles.  These  caterpillars  were 
largely  living  upon  receipt,  and  in  the  winter  of  1909-10  Mr.  W.  B. 
Thompson  dissected  several  hundred  preserved  specimens  and  the 
actual  percentage  of  parasitism  was  thus  determined.  Some  few  pupsB 
which  had  also  been  received  from  the  same  locaUty  made  possible  a 
fair  understanding  of  the  extent  to  which  the  pupae  w  ere  parasitized. 

The  results  of  these  investigations,  taken  in  connection  with  the 
actual  rearing  work,  were  disappointing.  It  w  as  evident  that  the 
moth  was  fairly  common  in  the  region  from  which  the  material  was 
collected — as  common,  perhaps,  as  it  would  need  to  be  in  Massachu- 
setts to  provide  for  an  increase  of  sixfold  annually.  Nevertheless, 
the  amount  of  parasitism  which  was  indicated  by  this,  the  most 
thorough  study  of  parasitism  of  the  gipsy  moth  abroad  which  was 
ever  undertaken  in  the  laboratory,  was  less  than  enough  to  offset  a 
twofold,  much  less  a  sixfold,  increase. 

For  this  reason  much  curiosity  was  felt  as  to  the  conditions  wJiich 
prevailed  in  a  country  where  parasitism  of  such  comparatively  insig- 
nificant proportions  was  sufficient. 

No  sooner  was  the  character  of  the  country  districts  in  this  portion 
of  France  seen  than  the  wonder  which  had  been  felt  at  the  small  per- 
centage of  parasitism  which  was  suflBcient  to  hold  it  in  check  was 
replaced  by  a  much  greater  astonishment  that  the  gipsy  moth  should 
exist  under  such  conditions  at  all.  It  was  a  country  of  oUve  orchards 
and  vineyards,  with  a  strip  along  the  littoral  which  was  so  nearly 
froetless  as  to  permit  the  culture  of  citrus  fruits,  and  even  of  date 
palms.  The  hills  were  semiarid,  with  the  soil  exceedingly  scanty  and 
often  covered  by  loose  stones.  The  principal  forests  consisted  largely 
of  cork  oak  and  pine,  except  in  the  low  and  w  ell-watered  valleys  and 
bottom  lands  where  other  trees  in  considerable  variety  occurred. 
95677«— Bull.  91—11 ^9 
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The  slopes  of  the  higher  mountains  were  fairly  well  forested  and  a 
larger  variety  of  trees  and  shrubs  thrived  than  on  the  lower  elevations. 
Over  much  of  the  country  the  soil  was  either  too  dry  or  too  scanty  or 
both  to  permit  of  cultivation,  even  in  a  land  so  densely  populated  by  so 
thrifty  a  race,  and  here  were  found  occasional  thickets  of  scrub  oak, 
apparently  of  a  deciduous  species,  which  sometimes  reached  the 
dignity  of  a  small  tree.  For  the  most  part  such  country  was  covered 
with  a  scanty  growth  which  would  be  called  chapparal  in  some  of  our 
States,  composed  of  a  variety  of  uninviting  looking  shrubs,  judging 
them  from  the  probable  viewpoint  of  a  gipsy-moth  caterpillar  in 
search  of  food.  Taken  altogether,  the  country  may  more  aptly  be 
compared  with  southern  California  than  Vith  any  other  part  of  the 
United  States. 

It  seemed  to  the  visitor  that  if  the  gipsy  moth  were  to  be  found  in 
any  portion  of  this  region  it  would  most  likely  be  within  the  rich  and 
well-watered  bottom  lands,  where  occasional  hedges,  or  rows  and 
groups  of  large  trees  in  considerable  variety,  seemed  to  offer  fairly 
acceptable  conditions  for  its  existence.  But  to  his  surprise  and 
amazement  he  was  assured  by  M.  Dillon  that  it  was  from  the  chapparal 
covered,  arid,  and  uncultivated  elevations  that  most  of  the  enormous 
quantities  of  qaterpillars  had  been  collected.  In  support  of  this  asser- 
tion, after  the  visitor  had  searched  in  vain  in  what  would  be  the  most 
likely  situations  in  Massachusetts  for  the  concealment  of  egg  masses, 
pupal  shells,  or  molted  skins,  M.  Dillon  proceeded  to  turn  over  a  few 
loose  stones  among  those  which  fairly  covered  the  ground,  and  thereby 
disclosed  sufficient  indication  of  the  presence  of  the  moth  in  fair 
abundance  to  convince  the  most  skeptical.  In  this  particular 
locality  in  the  vicinity  of  the  little  proven^al  town  of  Meoun,  in  a 
thicket  of  deciduous  oak  surrounding  and  concealing  the  ruins  of  an 
ancient  chapel,  there  were  sufficient  egg  masses  of  the  moth  to  repre- 
sent a  fair  degree  of  infestation,  but  eggs,  pupal  shells,  and  molted 
larval  skins  were  all  so  completely  hidden  as  to  evade  completely  the 
eyes  of  one  who  had  been  trained  to  look  for  first  evidences  in  shel- 
tered places  on  the  bark  or  in  the  knot  holes  and  hollow  trunks  of 
trees. 

As  a  matter  of  fact,  as  was  abundantly  evidenced  by  that  day's 
experiences,  as  well  as  of  the  several  days  which  followed,  the  gipsy 
moth  departed  most  materially  from  its  characteristic- habits  in  the 
cooler,  better  watered  and  forested  locaHties  in  which  it  is  present  as  a 
pest  in  America.  Instead  of  being  a  typically  arboreal  insect,  it  is 
rather  terrestrial,  and  thereby  becomes  subjected  to  a  variety  of  nat- 
ural enemies  to  which  it  is  practically  immune  so  long  as  it  remains 
arboreal.  In  the  course  of  the  several  years  past  a  variety  of  species 
of  the  larger  European  Carabidse  has  been  studied  at  the  laboratory 
for  the  purpose  of  determining  their  availabihty  and  probable  worth 
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as  enemies  of  the  gipsy  moth.  Of  them  all,  not  one  refused  to  attack 
and  devour  the  caterpillars  and  pupse  of  the  gipsy  moth  with  business- 
like dispatch,  once  given  an  opportunity,  but  Mrith  one  or  two  excep- 
tions none  has  shown  a  disposition  to  climb  trees  in  search  of  its  prey. 
Being  essentially  terrestrial  in  habit,  they  were  essentially  unfitted 
to  prey  upon  an  essentially  arboreal  insect. 

We  know  Uttle  of  the  predatory  beetles  which  are  to  be  found  in 
that  part  of  France  which  was  visited  upon  this  occasion,  nor  does 
this  lack  of  knowledge  vitiate  the  strength  of  the  argument  to  any 
great  extent.  The  fact  was  that  if  present  (and  undoubtedly  some 
species  are  to  be  found)  any  of  the  numerous  forms  which  have  been 
studied  at  the  laboratory  and  discarded  as  unfit  for  the  purposes  de- 
sired in  Massachusetts  would  immediately  assume  high  rank  as  ene- 
mies of  the  gipsy  moth.  In  other  words,  the  conditions  under  which 
the  gipsy  moth  exists  in  southern  France  are  wholly  incomparable  with 
those  under  which  it  exists  in  New  England,  and  the  agencies  which 
are  eflFective  in  accomplishing  its  control  are  likewise  incomparable. 
The  unimportant  r6le  obviously  played  by  the  parasites  immediately 
loses  its  significance.  .  Those  species  of  true  parasites  which  assist  in 
this  control  are  practically  the  same  as  those  which  assist  in  other 
localities,  but  the  demand  upon  them  and  their  opportunities  for  mul- 
tiplication are  insignificant  compared  to  those  existing  in  Massachu- 
setts, if  they  are  ever  established  there.  True  to  their  character  as 
agencies  in  facultative  control,  they  do  not  increase  in  efficiency  to  an 
extent  which  would  practically  mean  the  extinction  of  their  host. 

The  results  of  the  rearing  and  dissection  work  carried  on  at  the 
laboratory  indicated  that  a  parasitism  varying  from  25  per  cent  to 
something  in  excess  of  40  per  cent  prevailed  in  this  locaUty.  After 
seeing  the  conditions  under  which  the  gipsy  moth  struggled  for  ex- 
istence, real  wonder  was  felt  that  it  should  be  able  to  survive,  and  the 
trip  resulted  in  a  firmer  conviction  than  ever  in  the  efficacy  of  para- 
sitism, and  the  validity  of  the  theory  upon  which  the  parasite-intro- 
duction work  was  conceived. 

SEQUENCE  OF  PABASITES  OF  THE  GIPSY  MOTH  IN  ET7B0PE. 

The  parasitic  fauna  of  the  gipsy  moth  varies  considerably  in  various 
faunal  divisions  of  Europe,  and  no  attempt  has  been  made  to  prepare 
separate  lists  of  the  parasites  pecuhar  to  those  regions  which  have 
been  represented  in  the  material  imported.  In  Table  11,  which  is  con- 
structed in  accordance  with  that  representing  the  sequence  of  para- 
sites in  Japan,  as  explained  on  page  122,  all  of  the  various  species  reared 
from  the  European  material  are  listed.  As  in  the  table  of  Japanese 
parasites  those  species  which  are  of  no  consequence  in  the  control  of 
the  moth  (so  far  as  known)  are  marked  with  an  asterisk. 
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THE  BBOWN-TAIL  MOTH  AND  ITS  PABASITES  IK  ET7BOPE. 

Reference  has  already  been  made  to  the  fact  that  in  those  sections 
of  Massachusetts  in  which  both  the  gipsy  moth  and  the  brown-tail 
moth  occur,  the  latter  is  considered  as  the  lesser  pest  of  the  two. 
This  opinion,  as  held  by  those  who  are  thoroughly  familiar  with  the 
comparative  noxiousness  of  the  two,  speaks  quite  plainly  of  the  char- 
acter of  the  gipsy  moth  as  a  pest,  in  view  of  the  very  considerable  agi- 
tation which  has  come  about  on  account  of  the"  brown-tail  moth  in 

Table  II. — Sequence  of  gipsy-moth  parasites  in  Europe, 
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localities  into  which  it  has  preceded  the  gipsy  moth  or  where  the  latter 
has  not  as  yet  reached  a  state  of  destructive  abundance. 

On  account  of  the  lesser  interest  aroused  in  the  brown-tail  moth  in 
Massachusetts,  its  parasites  have  not  been  given  quite  the  considera- 
tion, in  some  respects,  that  has  been  given  to  those  of  the  gipsy  moth, 
but 'this  lack  of  consideration  has  had  entirely  to  do  with  the  question 
of  the  future  policy  of  the  laboratory,  and  has  not  extended  to  the 
actual  handling  of  the  parasites  themselves.  In  every  respect  other 
than  as  a  basis  for  calculations  as  to  future  poUcies  of  the  labora- 
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tory,  they  have  received  as  much  and  as  careful  consideration  as 
have  the  parasites  of  the  more  dangerous  pests. 

So  far  as  known  the  brown-tail  moth  does  not  occur  in  Japan,  and 
in  consequence  no  detemiined  efforts  have  been  made  to  secure,  from 
Japanese  sources,  parasites  likely  to  attack  it.  It  has  an  ally  and  con- 
gener there  in  Euproctis  conspersa  Butl.,  which  is  attacked  by  a  variety 
of  parasites,  some  of  which  may  be  expected  to  attack  the  brown-tail 
moth  if  given  an  opportunity.  A  few  of  them  have  been  collected 
and  forwarded  to  the  laboratory  through  the  great  kindness  of  Mr. 
Kuwana,  but  unfortunately  have  arrived  in  such  condition,  or  at  such 
time  of  the  year,  as  to  make  their  colonization  impossible.  It  is 
intended  in  the  near  if  not  in  the  immediate  future  to  devote  some 
time  to  the  investigation  of  the  Japanese  parasites  likely  to  be  of 
service  in  this  respect,  and,  if  any  can  be  found  of  promise,  to  attempt 
their  importation  into  America. 

In  Europe  the  brown-tail  moth  appears  to  be  the  more  common  of 
the  two  insects  under  consideration  and,  taken  all  in  all,  it  is  probably 
the  more  injurious  as  well.  Neither  in  Europe  nor  in  America  does 
it  bring  about  the  wholesale  defoUation  characteristic  of  an  invasion 
of  the  gipsy  moth,  but  its  injury  is  of  a  more  insidious  character  and 
more  evenly  distributed  throughout  the  years.  In  Russia,  in  the  fall 
of  1910,  the  junior  author  was  astounded  at  the  tremendous  abun- 
dance of  its  nests  in  many  locaUties,  notably  on  the  irregular  hedge- 
rows planted  as  a  windbreak  alongside  the  railroad  in  the  midst  of  an 
otherwise  open  prairie.  Occasionally  small  scrubs  of  Crataegus,  or 
wild  pear,  completely  isolated  by  what  seemed  to  be  miles  of  oY)en 
prairie,  would  be  fairly  covered  with  the  nests. 

In  gardens  in  the  vicinity  of  Kief  pear  and  apple  trees  were  fre- 
quently injured  to  a  considerable  extent  by  its  cateri)illars,  and  some- 
times to  a  greater  extent  by  the  caterpillars  of  Aporia  cratsegi  L., 
which  are  similar  in  their  habit,  and  were  constructing  their  own  hiber- 
nating nests  side  by  side  with  those  of  the  brown-tail  moth.  In  the 
forests  round  about  it  was  common,  but  except  occasionally  not  quite 
so  common  as  in  southeastern  New  England.  On  one  occasion  in 
excess  of  50  nests  were  noted  upon  a  small  hawthorn  which  stood  at 
the  edge  of  an  oak  forest.  This  was  just  a  little  worse  than  anything 
which  has  been  seen  in  America. 

In  southern  France  the  circumstances  under  which  it  occurred  were 
as  surprising  as  those  under  which  the  gipsy  moth  was  encountered, 
in  respect  to  their  departure  from  that  which  past  experience  led  the 
visitor  to  consider  as  the  normal.  M.  Dillon,  who  had  collected  and 
forwarded  to  the  laboratory  a  considerable  quantity  of  the  winter 
nests,  undertook  to  guide  the  visitor  to  the  locality  where  they  were 
collected.  The  way  led  through  a  rich  and  fertile  valley,  with  many 
sorts  of  trees,  including  apple  and  pear,  as  well  as  hawthorn  antl  oak, 
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every  one  of  which  is  a  favored  host  plant  in  other  regions,  but  not  a 
single  brown-tail  nest  was  seen  and,  according  to  M.  Dillon,  it  was 
never  found  upon  these  trees.  Farther  on  an  elevated  plain  was 
passed,  with  occasional  ridges  of  uncultivated  land  upon  which  were 
growths  of  a  deciduous  scrub  oak.  Gipsy-moth  eggs,  pupal  shells, 
etc.,  could  usually  be  found  by  a  Uttle  search  under  the  stones  on  these 
ridges,  but  the  brown-tail  moth  was  conspicuous  by  its  total  absence. 

The  next  day  the  route  selected  passed  through  an  extensive  forest 
of  cork  oak,  mingled  with  pine,  and  finally  up  the  sides  of  the  moun- 
tain, until  great  plantations  of  aged  chestnut  trees  were  indicative  of  a 
change  in  climatic  conditions  brought  about  by  the  considerable  alti- 
tude. Various  shrubs  and  a  few  trees  unknown  or  rare  in  the  lower 
elevations  became  a  feature  of  the  forest,  and  among  them  the  arbusier 
(Arbutus  sp.),  closely  resembling  in  its  growth,  in  the  appearance  of  its 
evergreen  foliage,  and  in  its  habitat  the  mountain  laurel  of  our  own 
southern  mountains.  It  is  very  beautiful  and  unusual  in  its  appear- 
ance, partly  on  account  of  its  flowers  (which  are  suggestive  of  Oxy- 
dendron)  but  more  particularly  because  of  its  fruit.  This  was  globu- 
lar, about  the  size  of  a  marble,  and  hung  pendant  on  long  stems  in 
more  or  less  profusion,  and  in  all  stages  of  ripening.  In  the  course  of 
this  process  it  passed  from  green  through  a  sequence  of  vivid  yellows 
to  orange,  and  finally  intense  scarlet.  It  was  at  once  recognized  as 
the  host  plant  of  the  hundreds  of  nests  which  had  been  collected  and 
shipped  by  M.  Dillon.  Although  it  was  occasionally  met  with  suffi- 
ciently far  down  the  mountain  side  to  mingle  with  orchards  and 
hawthorn  hedges,  according  to  M.  DUlon  the  brown-tail  moth  invari- 
ably seeks  it  out,  even  there.  The  selection  of  a  food  plant  repre- 
senting a  totally  different  order  from  any  selected  in  other  parts  of 
Europe  or  in  America,  and  this  in  spite  of  the  fact  that  what  are 
ordinarily  its  most  favored  hosts  were  frequently  much  the  more 
abundant,  was  considered  to  be  quite  as  remarkable  as  the  assump- 
tion of  terrestrial  habits  by  the  gipsy  moth.* 

In  central  and  western  Europe  generally  the  brown-tail  moth  finds 
a  stronghold  in  the  dense  Crataegus  hedges  which  are  conmionlv 
planted  in  many  localities,  and  upon  them  as  well  as  upon  oak  and 
fruit  trees  it  is  frequently  abundant.  In  these  regions,  also,  not  only 
the  food  plants,  but  the  seasonal  and  feeding  habits  are  quite  like 
those  in  New  England.  Occasionally  an  apple  tree  or  an  oak  will  be 
found  carrying  an  abundance  of  nests  and,  as  noted  by  the  senior 
author  in  northwestern  France  in  1909,  the  moths  are  sometimes  so 

» It  has  since  been  learned  that  in  the  warmer  parts  of  the  region  visited,  the  brown-tail  moth  caterpiltaw 
not  only  remain  active  but  feed  to  some  extent  during  the  winter.  In  the  middle  of  January,  WU*  ^ 
nests  were  found  commonly,  always  upon  Arbutus,  in  parts  of  the  coast  regions  near  Hydros,  and  in  nearly 
every  instance  the  caterpillars  were  active  and  in  most  they  were  feeding.  In  this  particular  locality  the 
nests  were  very  different  from  those  typical  of  the  caterpillars  in  northern  localities,  being  loosely  woven, 
and  not  at  all  designed  for  hibernation  in  its  stricter  sense. 
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numerous  as  to  lay  their  eggs  in  quantities  on  growing  nursery  seed- 
lings and  low-growing  plants. 

Among  the  very  many  lots  oi  caterpillars  and  cocoons  which  have 
been  received  at  the  laboratory  there  is  occasionally  one  in  which  a 
fungous  disease  is  present.  Usually,  when  it  is  present  at  all,  the 
majority  of  the  caterpillars  received  from  that  particular  locality 
will  be  found  dead  and  ^'shooting*'  the  ascidiospores  upon  receipt. 
According  to  Dr.  Roland  Thaxter,  to  whom  specimens  have  several 
times  been  submitted,  it  is  specifically  identical  >\dth  the  fungus 
which  is  so  effective  in  America  as  to  have  largely  assisted  in  reduc- 
ing the  moth  from  the  preeminent  place  which  it  would  otherwise 
have  occupied  as  a  pest.  Its  presence  under  these  conditions,  as  it 
was,  for  example,  in  1909,  in  practically  every  box  out  of  a  large 
number  which  were  forwarded  to  the  laboratory  from  lower  Austria, 
is  strongly  indicative  of  the  importance  of  this  disease. 

Looked  at  from  one  standpoint,  the  brown-tail  moth  situation  in 
America  is  less  satisfactory  than  is  the  gipsy-moth  situation.  In 
numerous  localities  throughout  western  Europe  as  well  as  in  eastern 
Europe  it  frequently  increases  to  such  an  extent  as  to  become  a 
pest.  It  hardly  seems  as  though  more  could  be  expected  of  the 
European  parasites  in  America  than  is  accomplished  by  them  in 
Europe,  but  if  even  this  much  can  be  secured  it  will  aid  materially 
in  reducing  the  frequency  of  the  outbreaks.  At  the  same  time,  it  must 
be  admitted  that  from  nearly  every  point  of  view  the  prospects  of 
unqualified  success  wdth  the  gipsy-moth  parasites  are  better  than 
with  the  parasites  of  the  brown-tail  nfoth. 

SEQUENCE    OF    PARASITES    OF    THE    BROWN-TAIL    MOTH    IN    EUROPE. 

The  accompanying  table  (Table  III),  in  which  are  listed  all  of  the 
parasites  of  the  brown-tail  moth  which  have  been  definitely  asso- 
ciated with  that  host  in  the  course  of  the  studies  of  imported  Euro- 
p>ean  material,  is  constructed  in  the  same  manner  as  the  tables  of 
parasites  of  the  gipsy  moth  in  Japan  and  in  Europe  (see  pp.  121,  132). 
It  will  be  noted  that  the  number  and  variety  are  slightly  larger  than  of 
European  gipsy-moth  parasites,  and  that  the  species  which  are  or 
which  appear  to  be  promising  as  subjects  for  attempted  importation 
are  also  slightly  more  numerous.  Very  rarely,  however,  does  any 
one  among  them  become  as  relatively  important  as  any  one  of 
several  among  the  gipsy-moth  parasites  which  might  be  mentioned. 
Neither  has  any  lot  of  brown-tail  material  produced  so  many  para- 
sites of  all  species  (as  high  a  percentage  of  parasitism)  as  have  several 
lots  of  gipsy-moth  material. 
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PABASmSK  OF  THE  GIPSY  KOTH  IN  AMEBICA. 

Although  the  gipsy  moth  is  attacked  by  a  considerable  variety  of 
American  parasites  the  aggregate  effectiveness  of  all  the  species 
together  is  wholly  insignificant,  so  far  as  has  been  determined  by 
the  rearing  work  which  has  been  conducted  on  an  extensive  scale 
at  the  laboratory.  Actual  effectiveness  may  be  greater  than  indi- 
cated, however,  because  it  is  possible  that  the  caterpUlars  or  pup» 
may  be  attacked  by  parasites,  the  larvae  of  which  are  unable  to  com- 

Table  III. — Sequence  of  hrown'tail  moth  parasites  in  Europe, 
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plete  their  transformations  under  the  conditions  in  which  they  find 
themselves.  This  Is  known  to  be  true  in  the  instance  of  what  would 
otherwise  be  a  very  important  parasite,  Tachina  meUa. 

In  such  instances  the  host  usually  remains  unaffected  and  the  par- 
asite perishes.  At  other  times,  as  proved  through  a  series  of  ex- 
periments carried  on  by  Mr.  P.  H.  Timberlake,  of  the  Gipsy  Moth 
Parasite  Laboratory^  in  the  spring  of  1910,  the  host  may  perish 
without  exhibiting  any  external  symptoms  of  its  condition.    No 
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serious  attempt  to  determine  whether  this  actually  happens  in  the 
field  has  been  made,  but  undoubtedly  it  does  occasionally  result  when 
the  parasite  larva  finds  itself  under  unnatural  surroundings.  It  is 
thus  weU  within  the  bounds  of  f)ossibility  that  efTective  parasitism 
should  pass  unnoticed  in  the  course  of  investigations  in  which  reliance 
is  placed  entirely  upon  the  results  of  rearing  work. 

As  wiU  be  shown  in  another  place,  death  of  the  host  through  super- 
parasitism  by  a  species  fitted  to  attack  it  may  similarly  occur  without 
the  true  cause  becoming  apparent. 

A  suflBciently  large  quantity  of  the  native  caterpillars  of  the  gipsy 
moth  has  been  dissected  at  the  laboratory  to  indicate  that  such  con- 
cealed parasitism,  if  it  is  ever  a  factor  in  the  control  of  this  insect, 
is  of  rare  occurrence,  or  else  of  insignificant  proportions.  This  can 
not  be  said  of  the  pupae  of  the  moth  in  America,  which  have  not  been 
studied  sufficiently  well  as  yet. 

The  following  native  parasites  have  been  reared  from  the  gipsy 
moth  in  Massachusetts: 

ThERONIA  FIFLVB8CEN8  OrBSS. 

This,  the  most  common  American  parasite  completing  its  trans- 
formations upon  the  gipsy  moth,  was  mentioned  by  Forbush  and 
Femald  in  their  comprehensive  report  upon  "  The  Gypsy  Moth  "  under 
the  name  of  Theronia  melanocephala  Brull6.  The  true  T.  mdaruh 
cepTiala  appears  not  to  have  been  reared  from  this  host.  The  import- 
ance of  T.  fvlvescens  as  a  gipsy-moth  parasite  is  indicated  by  the 
summarized  results  of  the  rearing  work  conducted  in  1910. 

In  his  account  of  the  parasites  of  the  forest  tent  caterpillar  {MaUjn 
eosama  disstria  Hubn.)  in  New  Hampshire  by  the  junior  author  it  was 
credited  as  being  a  secondary  parasite  of  Pimpla  conquisitor  Say, 
and  was  not  recognized  as  a  primary  parasite.  Investigations  at  the 
laboratory  have  served  to  throw  considerable  light  upon  its  life  and 
habits,  and  it  is  now  known  to  be  a  true  primary  parasite,  but  one 
which,  like  Pimpla  conquisitor  itself,  is  able  to  complete  its  transfor- 
mations under  a  variety  of  circumstances.  The  supposed  secondary 
parasitism,  in  this  instance,  is  to  be  classified  rather  as  *'superpara- 
sitism"  and  is  beUeved  to  result  through  the  circumstance  that  the 
primary  host  chances  to  contain  the  larva  of  Pimpla,  rather  than 
through  the  deliberate  searching  out  by  the  parent  Theronia  of  pupae 
thus  parasitized.  In  its  relations  to  the  gipsy  moth,  which  is  not 
successfully  attacked  by  Pimpla  at  all  frequently,  Theronia  has 
always  been  a  primary  parasite  so  far  as  known. 

PniPLA  PEDALI8   CrESS. 

One  or  two  specimens  have  been  reared  from  the  pupae  of  the  gipsy 
moth  collected  in  the  field,  but  it  is  of  extremely  rare  occurrence  as  a 
parasite  of  this  host,  so  far  as  recent  rearing  work  indicates.     It  was 
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mentioned  as  one  of  the  more  common  parasites  by  Forbush  and 
Fernald,  but  it  is  possible  that  the  next  following  species  is  intended. 

Pdcpla  coNQuisrroR  Say. 

Judging  from  observations  made  from  time  to  time  in  the  field 
the  pupfie  of  the  gipsy  moth  are  frequently  attacked  by  this  species, 
but,  unfortimately,  the  young  larvae  of  the  Pimpla  appear  not  to 
thrive  upon  this  host  and  rarely  complete  their  transformation.  It 
is  safe  to  say  that  more  female  Pimplas  will  be  found  attacking  the 
gipsy-moth  pupae  in  the  course  of  a  day's  observations  in  the  field 
at  the  proper  season  of  the  year  than  would  be  reared  if  that  day 
were  to  be  spent  in  collecting  pupae  instead.  It  is  beUeved  that  the 
affected  host  usually  dies,  but  the  subject  has  not  received  the  atten- 
tion which  it  deserves.  If  it  is  true,  Pimpla  conquisitor  may  prove 
to  be  of  some  assistance  in  the  control  of  the  moth. 

PlHPLA  TENUICORNIS  0rE88. 

Recorded  as  a  parasite  by  Forbush  and  Fernald,  but  never  reared 
at  the  laboratory.  Possibly  P.  conquisitor  was  actually  the  species 
reared. 

DioLocms  oMNivoRA  Walk. 

Mentioned  by  Forbush  and  Fernald  as  of  some  consequence  as 
having  been  reared  from  this  host,  but  during  late  years  it  has  been 
so  rare  that  only  a  single  pupa  has  been  found  in  which  it  has  com- 
pleted its  transformations. 

Anisocyrta  8P. 

Mentioned  by  Forbush  and  Fernald,  but  the  record  has  not  been 
confirmed  by  later  rearing  work. 

LiMNERIUM   SP. 

A  single  cocoon,  which  was  directly  associated  with  the  remains 
of  the  host  caterpillar,  was  collected  by  Mr.  R.  L.  Webster  in  1906 
during  his  association  with  the  laboratory.  It  was  very  likely  that 
of  L.fugitiva  Say,  but  the  fact  will  never  be  known,  because  a  speci- 
men of  Hemiteles  utilis  Norton,  a  hyperparasite,  actually  issued. 

ApANTELES   8P. 

In  1910  a  colony  of  the  caterpillars  of  the  white-marked  tussock 
moth  was  estabUshed  upon  some  shrubbery  in  a  locality  where  the 
gipsy  moth  was  fairly  common.  The  young  caterpillars  were  spar- 
ingly attacked  by  a  species  of  Apanteles,  possibly  A.  ddicatus  How., 
although  the  fact  was  not  determined.  At  the  same  time  and  place 
a  young  gipsy-moth  caterpillar  was  found  from  which  an  Apanteles 
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larva  had  issued,  and  spun  a  cocoon  identical  in  appearance  with  that 
of  the  species  from  the  tussock  moth.  This  is  the  only  known 
instance  of  the  parasitism  of  the  gipsy  moth  by  an  American  Apan- 
teles,  and  it  is  believed  that  it  resulted  tlu'ough  the  fact  that  the  par- 
asites were  first  attracted,  and  subsequently  excited  into  oviposition, 
by  the  tussock  caterpillars. 

A  considerable  number  of  a  minute  black  and  yellow  elachertine 
secondary  parasite  was  reared  from  this  cocoon,  so  that  the  specific 
identity  of  the  Apanteles  originally  constructing  it  will  forever 
remain  in  doubt. 

SyNTOMOSPHYKUM   E8URUS   RiLEY. 

In  July,  1906,  Mr.  R.  L.  Webster,  who  was  at  that  time  associated 
with  the  parasite  laboratory,  found  a  pupa  of  the  brown-tail  moth 
from  which  he  reared  a  number  of  Syntomosphyrum,  probably 
S.  esurus  Riley.  On  the  same  date,  July  18,  the  pupa  of  a  gipsy 
moth  was  found  to  contain  the  early  stages  of  a  chalcidid  parasite, 
presumed  to  be  the  same  as  that  reared  in  connection  with  the 
brown-tail  moth. 

At  about  the  same  time  several  chalcidids,  apparently  of  Synto- 
mosphyrum, were  found  ovipositing  in  pupae  of  the  gipsy  moth,  but 
in  no  instance  was  the  oviposition  successful,  so  far  as  the  notes 
indicate. 

Tachina  mella  Walk. 

In  their  report  on  the  gipsy  moth  Forbush  and  Femald  speak  of 
having  collected  no  less  than  300  caterpillars  of  the  gipsy  moth 
bearing  Tachina  eggs  which  were  reared  through  in  the  laboratory. 
The  most  of  these  produced  moths  and  the  remainder  died.  No 
parasites  were  reared. 

In  1907  and  subsequently  large  numbers  of  caterj^illars  have  been 
found  in  the  open,  bearing  tachinid  eggs,  and  many  hundreds  have 
been  kept  under  observation  in  confinement  with  results  substan- 
tially the  same  as  those  above  mentioned.  In  one  or  two  instances, 
however,  the  tachinids  have  Completed  their  transformations  and 
in  each  instance  the  species  was  Tachina  meUa,  It  is  believed,  there- 
fore, that  this  is  the  species  which  deposits  its  eggs  so  freely  and 
injudiciously. 

The  fact  that  effective  parasitism  failed  to  result  was  attributed  by 
Forbush  and  Femald  to  the  molting  off  of  the  eggs  before  they  had 
hatched,  and  this  doubtless  does  occasionally  happen.  Mr.  C.  11.  T. 
Townsend  reinvestigated  the  subject  and  came  to  the  conclusion 
that  the  explanation  was  to  be  found  in  the  inabiUty  of  the  newly 
hatched  larvae  to  penetrate  the  tough  integument  of  the  caterpillars, 
since  he  actually  observed  such  failure  in  one  instance,  and  found 
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many  caterpillars  upon  which  the  eggs  had  actually  hatched,  but 
from  which  no  parasites  were  reared. 

That  this  explanation  may  serve  in  part  to  elucidate  the  mystery 
is  also  true,  but  still  later  observations  have  shown  conclusively 
that  the  parasite  larvfie  may  gain  entrance  into  their  host  and  yet 
fail  to  mature.  Two  explanations  have  grown  where  one  was  deemed 
suflBcient,  as  the  result  of  certain  technical  studies  which  have  been 
made  at  the  laboratory  during  the  past  year.  Mr.  P.  H.  Timberlake 
and,  later,  Mr.  W.  R.  Thompson  have  thoroughly  demonstrated  the 
fact  that  a  parasite  larva  gaining  lodgment  in  an  unsuitable  host 
may  die,  and  its  body  may  be  in  great  part  absorbed  through  action 
of  the  phagocytes  without  causing  the  host  obvious  inconvenience. 
This  very  Hkely  takes  place  with  Tdchina  meUa  in  its  relations  with 
the  gipsy  moth  and  is  probably  a  better  explanation  of  its  failure  to 
become  an  e.Tective  parasite  than  any  other  which  has  yet  been  put 
forward. 

Mr.  Thompson  also  discovered  another  most  remarkable  and 
peculiar  phenomenon  in  connection  with  parasitism  by  those  tachi- 
nids  the  larvfie  of  which  inhabit  integument al  funnels  similar  in 
character  to  those  formed  by  Tachina.  These  funnels  appear  to  be 
formed  as  a  direct  result  of  the  tendency  of  the  skin  to  grow  over 
and  heal  the  wound  caused  by  the  entrance  of  the  tachinid  maggot 
into  the  body  of  the  host.  This  wound  is  kept  open  by  the  larva 
itself,  and  as  a  result  the  growing  integument  takes  the  form  of  an 
inverted  funnel,  more  or  less  completely  surrounding  the  parasitic 
maggot,  which  continues  to  breathe  through  the  minute  orifice  in  its 
apex.  When  the  caterpillar  molts  the  old  skin  is  usually  torn  away 
from  around  this  opening,  leaving  the  maggot  in  situ  and  unaffected, 
but  occasionally  its  attacliment  to  the  funnel  may  remain  so  strong 
as  to  result  disastrously  for  the  maggot,  and  the  whole  funnel,  maggot 
included,  may  be  withdrawn.  Thus,  not  merely  the  eggs  may  be 
molted  off,  but  the  internal  feeding  maggots  which  have  hatched 
from  the  eggs  may  be  molted  out  and  perish. 

AcHiBTONEURA   FBENCHII  WiLL. 

A  very  few  specimens  of  this  species  have  been  reared  from  time 
to  time  in  the  course  of  the  work  at  the  laboratory.  It  is  probable 
that  the  species  is  synonymous  with  that  mentioned  by  Forbush 
and  Femald  under  the  name  of  Achsetoneura  femaldi.  - 

EXORISTA    BLANDA   O.   S. 

OccasionaUy  reared  as  a  parasite  of  the  gipsy  moth. 
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Undetermined  Tachinids. 

Dr.  S.  W.  WiUiston,  in  reporting  upon  a  collection  of  Diptera  reared 
from  the  gipsy  moth  in  Massachusetts  and  sent  to  him  in  1891  by 
Dr.  Femald;  stated  that  there  were  present  two  species  of  Exorista 
and  four  of  Phorocera.  Unfortimately  these  specimens  appear  to 
have  been  lost  before  being  definitely  determined.  No  such  variety 
of  tachinids  has  been  reared  from  this  host  in  Massachusetts  during 
recent  years,  but  several  species  as  yet  undetermined,  or  represented 
only  by  unfamiliar  puparia,  are  in  our  collection. 

SfMMABY   OF    REARING  WORK  CARRIED    ON    AT    THE    LABORATORY  IN 

1910. 

In  Tables  IV  and  V  are  the  condensed  results  of  a  part  of  an 
extensive  series  of  rearing  experiments  primarily  instituted  for  the 
purpose  of  determining  the  present  status  of  the  introduced  parasites 
of  the  gipsy  moth  in  America  in  1910.  They  also  serve  excellently 
as  an  indication  of  the  effectiveness  of  parasitism  by  native  species. 
In  this  respect  they  are  typical  of  the  results  secured  from  similar 
work  in  previous  years. 

Table  IV. — Results  of  rearing  work  in  1910  to  determine  progress  of  imported  parasites 
and  prevalence  of  parasitism  by  native  parasites  of  gipsy-moth  pupae. 


Localities. 

Num- 
ber of 
dispar. 
pup®. 

Moths  reared. 

Blepha- 
ripascu- 
tellata. 

Parasites  reared. 

Labo- 

ntory 

No. 

Male. 

Female. 

The- 
ronia 
fulves- 

Comp- 
silura 

ooncin- 
nata. 

Miscel- 
laneous 
tachi- 
nids. 

Scarco- 
phagid 
puparia. 

2185 

North  Andover... 
Melrose 

2,700 

500 

1,800 

1,400 

1,000 

800 

1106 

300 

300 

282 

100 

1,050 

1,700 

1,047 

1,000 

1,000 

1,250 

580 

1,700 

500 

400 

1,700 

600 

300 

1,000 

1,100 

900 

500 

500 

1,100 

1,222 
185 
683 
482 
412 
126 
4 
159 
106 
69 
67 
274 
.  312 
379 
81 
147 
253 
232 
442 
261 
152 
354 
82 
85 
143 
118 
198 
229 
81 
193 

259 

159 

299 

461 

250 

217 

38 

68 

92 

116 

22 

172 

211 

127 

144 

78 

209 

102 

218 

.    125 

133 

346 

87 

49 

461 

323 

216 

102 

104 

156 

2 

1 
2 

2186 

•   2187 

North  Andover... 

Stonehani 

Saugus 

3 
6 
2 

2 

2188 

1 
2 

2189 

3 

2190 

^^Sefleld 

do 

1 

2190a 

1 

U2 

2191 

Swampecott 

North  Andover. . . 
Woburn 

1 

2192a 

2192b 

1 

...;.:...: 

2192c 

North  Andover... 
Saugus 

2193 

2 

1 

2194 

MelTOttS 

1 

1 

2196 

Stoneham 

Beverly 

2197 

13 

2199 

do 

2 
2 

1 
17 

1 

6 

2280 

Saugus 

1 

»i 

10 

2281 

North  Andover... 

do 

Beverly 

2282 

8 

«i 

6 

2283 

2284 

do 

Gloucester 

Beverly 

do 

North  Andover. . . 

do 

do 

Beverly 

2285 

3 

52 

6 

2286 

1 

2287 

2289 

1 
3 
4 

2290 



1 

2291 

2 

2293 

2294 

do 

Mlddleton 

Total 

2 

2 

2295 



1 

27,215 

7,531 

5.342 

15 

47 

18 

4  :               53 

^Prepupse. 

*  Partly  torn  another  locality. 

» Tadmuklike  species,  jmpariui 


*  Exorista  blanda. 

»  One  tachinarlikeandone  unknown  nativespedes, 
puparia.  * 


Digitized  by 


Google 


142 


PARASITES  OF  GIPSY  AND  BROWN-TAIL  MOTHS. 


Table  IV  includes  the  results  of  rearing  work  in  which  caterpil- 
lars collected  in  the  open  were  used.  A  large  proportion  of  the 
collections,  probably  half  or  more,  was  from  localities  in  wliich 
CompsUura  concinnata  is  not  as  yet  established,  although  it  will 
probably  have  extended  its  range  to  include  these  by  the  end  of 
another  year.  It  will  be  observed,  however,  that  the  number  of  the 
Compsilura  reared  is  very  far  in  excess  of  that  of  any  native  tachinid 
or  other  parasites  attacking  this  caterpillar  as  a  host.  This  is  espe- 
cially encouraging  in  view  of  the  fact  that  one  year  ago  less  than 
one  one-hundredth  of  the  proportionate  number  of  Compsilura  were 
reared  under  similar  circumstances,  and  only  from  material  collected 
over  a  much  more  restricted  area. 

Table  V. — Results  of  rearing  work  in  1910  to  determine  progress  of  imported  parasites 
and  prevalence  of  parasitism  by  native  parasites  of  gipsy-moth  caterpillars. 


6 

1 

Localities. 

Number  of  caterpUlars. 

3 

r 

Number 
of  moths 
reared. 

Number  of  parasites  reared. 

6 

1 

& 

ij 

«         1     * 

II     i     o| 

t      1   w 

en 

-A 

< 

08    . 

c  g 
0  0 

II 

4317 

WeUesley 

Stoneham 

WeUesley 

do 

Stoneham 

do 

Wellesley 

Swampscott 

WeUesfey 

Medford 

Winchester 

Dan  vera 

Wihnlngton 

Winchester 

WeUesley 

do 

1.029 
535 

2,110 

3,000 

2,000 
800 

1,260 
600 

2,000 
300 
100 

1,500 
125 
110 

1,000 

1,125 
500 
230 
400 

1,000 
250 
800 

150 
150 
425 
300 
100 
53 
341 

158 
298 
716 
962 
599 
300 
846 
308 
902 
234 
54 
566 
60 
14 
818 
934 
207 
56 
20 
338 
61 
286 

103 
65 

181 

191 
37 
6 

281 

15 

43 

419 

371 

69 

20 

234 

124 

363 

18 

5 

30 

7 

1 

245 

150 

11 

4 

1 

29 

4 

21 

11 
9 
29 
18 
2 

13 

81 

69 
115 
177 

88 
245 
144 
317 
202 

34 
199 

25 

6 

344 

301 

125 

30 

5 

139 

22 
106 

43 

11 
114 
128 

22 
4 

42 

4330 

9 

"■'ios" 

73 



1 

6" 

4332 

8 

4 



... 

4333 

4334 

4337 



4340 

3 

4341 

4349 

6    

M 

4351A 

4351b 

4352 

6 
2 
12 

59" 

1 

4363 

i 

4354 

1 

4356 
4359 

2 

1 
1 

«3 

»8 
»4 

4360 

Stoneham  (?) 

Beverly 

1 

4362 

1 

4366 

Lexington 

Salem 

2 
15 

5 
14 

21 

4367 

4309 

Marblebead 

Salem 

4370 

1 

»1 

4372 

S  tone  ha  m- 

Woburn 

Wellesley 

4373 

M 

4377 

4378 

Winthrop 

Burlington 

Lexington 

Manchester 

Total 

4386 

4387 

i 

4392 

1 1 

1 

22,283 

9,610 

337 

25 

2 

4 

14 

1 

1  The  identity  of  this  tachinid,  the  puparla  of  which  resemble  those  of  tachina,  but  which  hibernates  as  a 
pupa,  is  whoUy  unknown.    The  adult  has  never  been  reared. 
*  From  near  site  of  colony  of  1910.    Recovery  of  no  significance.    Masses  of  cocoons  counted. 
>  A  few  pupse  included  in  this  collection. 

In  Table  V  are  included  results  of  rearing  work  in  which  collections 
of  gipsy-moth  pupae  were  used.  These  were  largely  made  in  local- 
ities near  the  center  of  colonization  of  BlepTiaripa  scuteUata  of  the 
same  year,    The  number  of  Blepharipa  secured  is  higher  in  proper- 
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lion  to  the  number  of  pupie  collected  than  would  be  the  case  had 
these  collections  been  made  urespective  of  the  locaUties  where  the 
species  was  so  recently  colonized. 

Parasitism  by  Theronia  is  somewhat  less  on  the  average  than  in 
some  other  years  when  similar  studies  have  been  made.  At  times 
it  has  amounted  to  as  much  as  2  per  cent. 

Sarcophagids  are  not  considered  as  parasites,  but  rather  as  scav- 
engers.    Their  true  status  is  yet  to  be  determined,  however. 

CompsUura  concinnata  is  not  commonly  secured  from  the  pup», 
and  in  one  instance  in  which  more  than  an  insignificant  number  of 
this  species  was  recovered  the  collection  consisted  of  caterpillars, 
which  had  prepared  for,  but  not  imdergone,  pupation. 

No  Monodontomerus  were  reared  from  any  of  the  collections  of 
pupse  included  in  Table  IV,  nor  has  the  species  ever  been  recovered 
from  counted  lots  of  pupse  collected  in  the  open.  It  was  found  in 
1910,  as  in  1909,  by  the  examination  of  unhatched  pup88  after  the 
most  of  those  remaining  healthy  had  produced  the  moths,  and  issued 
in  unsatisfactory  niunbers  from  collections  of  pup»  made  at  the  same 
time.  These  were  not  counted  at  the  time  of  collection,  and  on  that 
account  were  not  included  in  the  table. 

PABASinSM  OF  THE  BBOWN-TAIL  KOTH  IN  AHEBICA. 

The  brown-tail  moth  in  America  is  subjected  to  a  considerably 
higher  percentage  of  native  parasitism  than  is  the  gipsy  moth,  but  at 
the  same  time,  as  will  appear  in  the  summarized  results  of  the  rearing 
work  in  1910,  the  aggregate  is  scarcely  sufficient  to  be  considered  as 
consequential. 

The  following  species  have  been  reared,  and  doubtless  the  list  will 
receive  additions  in  the  near  future. 

Trichoohamma  phetiosa  Ru.by. 

A  very  considerable  percentage  of  the  egg  masses  collected  in  the 
open  is  parasitized  by  this  species,  but  because  of  the  inabihty  of 
the  parasite  to  attack  any  but  the  more  exposed  eggs  in  a  mass,  the 
actual  percentage  of  parasitism  is  insignificant. 

LiMNBRIUM  CUSIOCAMPiB  WeED. 

In  1907  a  single  specimen  of  this  common  parasite  of  the  tent 
caterpillar  was  reared  from  a  brown-tail  caterpillar  collected  in 
Exeter,  N.  H.  One  or  two  other  rather  doubtful  records  have  been 
made  since.  It  is  imquestionably  not  an  important  parasite  of  the 
brown-tail  moth. 
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Anomalon  exile  Prov. 

Quite  commonly  reared  as  a  parasite  of  the  tent  caterpillar  and  not 
ijifrequently  as  a  parasite  of  the  brown-tail  moth,  apparently  attack- 
ing the  caterpillars  before  pupation  and  probably  while  they  are  still 
very  yoxmg.  Its  frequency  as  a  parasite  of  the  brown-tail  is  well 
indicated  in  Table  VI  (p.  147),  which  records  the  results  of  the 
summer's  rearing  work  of  1910. 

ThERONIA  FULVE8CEN8   CrESS. 

This  is  probably,  as  m  the  case  of  the  gipsy  moth,  the  most  common 
native  hymenopterous  parasite.  No  attempt  has  been  made  to  deter- 
mine whether  it  is  commonly  primary  or  secondary  in  this  connection, 
but  it  is  presumably  primary  in  the  majority  of  instances. 

PiMPLA  CONQUISITOR  SaY. 

The  pupse  of  the  brown-tail  moth  seem  to  afford  much  more  suitable 
conditions  for  the  development  of  the  Pimpla  larvae  than  do  the  pup«e 
of  the  gipsy  moth.  In  consequence  this  Pimpla  is  frequently  reared 
and  is  probably  about  as  important  as  a  parasite  of  the  brown-tail 
moth  in  America  as  are  the  Eiu*opean  species,  Pimpla  exandnatar 
and  Pimpla  instigator,  abroad. 

Pimpla  pedalis  Cress. 

This  species  is  never  so  common  as  Pimpla  conguisitor  in  its  asso- 
ciation with  the  brown-tail  moth.  It  is  apparently  identical  in  habit 
with  the  more  common  species,  but  if  results  in  studies  in  parasitism 
of  other  hosts  are  to  be  excepted,  it  is  more  apt  to  occur  in  forests  and 
woodland  than  in  open  coxmtry. 

DiOLOCHIS  OMNIYORA  WaLK. 

At  times  Diglochis  is  a  common  parasite  of  the  brown-tail  moth 
pupfie,  but  in  1910  it  was  unexpectedly  scarce  in  Massachusetts, 
although  it  seemed  to  have  been  much  more  common  in  Maine,  judg- 
ing from  the  small  amount  of  material  which  has  been  received  from 
that  State. 

SyNTOMOSPHYRUM   ESURUS   RHiEY. 

Of  irregular  occurrence  as  a  parasite  of  the  brown-tail  moth,  but 
among  the  more  effective  of  the  native  species  in  1910.  It  was  first 
reared  in  1906  by  Mr.  R.  L.  Webster,  while  associated  with  the  lab- 
oratory, and  not  again  encoimtered  until  1910,  when  large  numbers 
issued  from  material  collected  in  certain  localities,  as  will  be  seen  in 
Table  VI  which  shortly  follows. 
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Chalcis  sp. 

Upon  several  occasions  specimens  of  Chalcis  have  issued  from 
cocoons  of  the  brown-tail  moth  collected  in  the  open.  The  species 
has  not  been  definitely  determined  nor  compared  with  Chalcis  ovata, 
because  it  is  thought  likely  at  the  present  time  that  two  species  may 
be  confused  imder  that  name.  One  of  them  is  believed  to  be  a  pri- 
mary parasite  of  lepidopterous  pupae  and  the  other  to  be  essentially 
a  secondary  parasite  attacking  tachinid  puparia. 

EUPHOROCBRA.  CLARIPBNNIS   MaCQ. 

Several  times  reared  from  brown-tail  caterpillars  collected  in  the 
field,  but  always,  apparently,  rare  in  this  connection. 

Tachina  mella  Walk. 

Never  a  common  parasite  in  connection  with  this  host.  Usually 
about  on  a  par  with  Euphorocera  and  without  economic  significance. 

Phorocera  saundersu  Will. 

A  single  specimen  thus  determined  by  Mr.  Thompson  was  reared 
in  1910  under  circumstances  which  quite  conclusively  indicate  this 
host  relationship. 

EZORISTA  BOARMLB  COQ. 

Like  the  above,  only%  single  individual  of  this  species  has  been 
reared  from  brown-tail  caterpillar  collections,  but  mider  circimistances 
which  were  not  so  decisive  as  in  the  last-mentioned  instance.  Mr. 
Thompson  is  authority  for  this  determination  also. 

Undetermined  Tachinid:  "Native  Parasite  op  chrysorrhcea.** 

One  of  the  most  remarkable  instances  of  attack  on  an  unsuitable 
host  by  a  tachinid  parasite  is  that  of  the  species  which  in  the  labora- 
tory notes  is  always  referred  to  as  above,  upon  the  caterpillars  of  the 
brown-tail  moth.  The  history  of  this  species,  the  identity  of  which 
ia  very  much  in  doubt,  is  in  certain  respects  comparable  to  that  of 
Ta4Aina  mdla  in  its  relations  to  the  gipsy  moth.  As  may  be  seen  by 
the  smnmarized  results  of  the  rearing  work  in  1910  (Table  VI),  it 
is  not  infrequently  a  parasite  of  some  little  consequence,  and  in  all 
many  himdreds  of  its  larvfie  have  been  seciu*ed  from  field  collections 
of  brown-tail  caterpillars. 

Invariably,  however,  these  larvae  died  without  forming  perfect 
puparia.  For  a  long  time  it  was  thought  that  this  was  due  to  imf a- 
vorable  surroundings  at  the  time  when  pupation  was  attempted  and 
05677**— BuU.  91—11 10 
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that  if  the  larvae  were  allowed  to  enter  damp  earth  as  soon  as  they 
issued  from  the  host,  better  results  might  be  obtained.  In  order  to 
provide  for  this,  the  style  of  rearing  cage  which  is  shortly  to  be 
described  and  figured,  was  devised.  With  its  aid  we  were  enabled 
to  secure  a  large  proportion  of  the  parasite  maggots  within  a  few 
moments  after  they  had  finally  separated  themselves  from  the  cocoon 
which  the  host  invariably  spins  before  dying,  and  these  were  given 
every  advantage  which  could  be  afforded  to  assist  in  the  successful 
completion  of  their  transformations.  The  results,  however,  were 
always  the  same  and  not  one  perfect  puparium  has  been  secured- 

The  reasons  for  this  may  not  be  far  to  seek,  but  the  chances  are 
that  it  will  be  a  long  time  before  an  adequate  explanation  is  afforded. 
When  it  was  foimd  that  the  larvae  faUed  to  pupate  imder  the  most 
favorable  conditions,  they  were  carefully  exammed  on  the  8upf>08i- 
tion  that  death  might  possibly  accrue  through  the  action  of  the  pois- 
onous spines  into  which  they  must  necessarily  come  in  direct  contact 
in  leaving  the  host  cocoon.  It  was  at  once  discovered  that  there  was 
mvariably  a  number  of  minute  reddish  spots  scattered  irregularly, 
and  more  or  less  abimdantly,  over  the  whole  or  a  part  of  the  body. 
It  looked,  at  first,  as  though  these  spots  might  be  the  result  of  contact 
with  the  poisonous  spines,  but  upon  further  examination  it  was  found 
that  they  were  of  a  character  which  could  hardly  be  attributed  to 
this  cause.  They  are  somewhat  variable  in  size  and  seem  to  consist 
of  a  thickening  of  the  epidermis  which  becomes  slightly  raised,  shining, 
and  brick-red  in  color.  No  attempt  has  been  made  as  yet  to  deter- 
mine whether  they  are  present  in  the  maggot  before  it  leaves  the 
body  of  its  host,  but  little  doubt  is  felt  that  they  will  be  foimd  when 
such  examination  is  made. 

That  these  spots  are  directly  or  indirectly  responsible  for  the  failure 
of  the  maggot  to  pupate  is  well  indicated  by  the  study  of  the  numerous 
half-formed  puparia  which  result  from  the  attempt  on  the  part  of  the 
larva  of  the  parasite  to  do  so.  These  are  all  more  or  less  larviform, 
but  occasionally  one  is  found  one  end  of  which  is  smooth  and  rounded 
exactly  as  though  pupation  had  successfully  resulted,  while  the  other 
is  shrunken  and  withered,  resembling  a  dead  larva.  Careful  exami- 
nation revealed  that  in  such  specimens  the  reddish  spots  were  absent 
from  the  perfect  portion  and  present  in  the  withered. 

SUMMARY  OF  REARING   WORK  IN    1910. 

The  accompanying  tabulated  results  (Table  VI)  of  an  extensive 
series  of  rearing  experiments  for  the  purpose  of  determining  the 
progress  of  the  imported  parasites  of  the  brown-tail  moth  also  indi- 
cate the  extent  to  which  that  host  is  attacked  by  native  parasites. 
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As  may  be  noted  by  reference  to  the  table,  the  imported  parasites 
are  beginning  to  become  sufficiently  abundant  so  that  parasitism  by 
them  will  compare  favorably  with  that  by  American  species,  but  are 
not  as  yet  so  abundant  as  to  exceed  the  American  species  m  relative 
effectiveness.  The  table  as  presented  does  not  indicate  at  all  accu- 
rately the  actual  status  of  the  several  species  of  parasites  mentioned, 
on  account  of  the  difference  in  the  condition  of  the  material  at  the 
time  of  collection. 

Compsilura,  for  example,  is  much  more  apt  to  leave  the  cater- 
pillars before  they  spin  for  pupation,  and  the  same  is  true  of  Meteorus. 
Monodontomerus,  Pimpla,  Theronia,  etc.,  never  attack  caterpillars 
before  spinning,  and  Monodontomerus  and  Theronia  frequently 
reserve  attack  until  some  Uttle  time  after  the  host  has  pupated.  As 
it  stands,  parasitism  by  Monodontomerus  is  about  equal  to  that  of 
Theronia  and  in  excess  of  that  by  Pimpla  or  Anomalon.  Parasitism 
by  Compsilura  is  distinctly  more  effective  than  that  by  all  of  the 
other  native  tachinid  parasites  of  the  caterpillars.  Meteorus  is  much 
more  common  than  mdicated  in  the  limited  territory  over  which  it  is 
now  known  to  exist,  and  the  specimens  reared  represented  the  second 
generation  of  adults  to  develop  upon  the  brown-tail  moth  in  1910. 

Apanteles  lacteicolor  Vier.  is  not  represented  in  these  collections, 
since  it  does  not  attack  caterpillars  so  large  as  those  involved. 

In  carrying  on  this  work  several  styles  of  rearing  cages  were  used, 
of  wliich  one  was  devised  for  the  special  purpose  of  securing  the 
tachinid  parasites  with  the  minimum  of  exposure  to  the  effects  of 
the  irritating  hairs  of  the  brown-tail  caterpillar.  This  worked  very 
satisfactorily,  and  since  it  may  possibly  be  found  of  service  in  con- 
ducting similar  work  elsewhere,  the  following  description  is  presented : 

The  basis  of  this  cage  (see  fig.  10)  consisted  of  a  box  of  stiff  paste- 
board 8  inches  square  and  12  inches  high.  About  4  inches  from  the 
top  a  stiff  paper  funnel  (a)  was  fitted  and  held  in  position  by  the 
cleats  (6),  which,  in  turn,  were  fastened  to  the  sides  of  the  box  by 
broadheaded  upholsterer's  tacks  driven  in  from  the  outside.  These 
cleats  served  to  support  the  tray  (c),  which  just  fitted  into  the  cage. 
The  bottom  of  this  tray  was  covered,  in  some  instances  with  coarse 
mosquito  netting,  and  in  others  with  a  wire  screen  of  ^-inch  mesh. 
Two  holes  in  the  side  of  the  tray  corresponded  with  two  1-inch  holes 
in  the  side  of  the  box,  and  these  in  turn  with  similar  holes  in  a  wooden 
strip  {d)j  which  was  fastened  on  the  outside.  Wlien  the  tray  was  in 
position,  paper  cones  (h)  and  large  glass  tubes  (g)  were  inserted  in 
these  holes. 

The  stiff  paper  funnel  (a)  had  its  apex  inserted  into  another  hole 
bored  diagonally  in  a  similar  wooden  strip  which  was  fitted  in  the 
bottom  of  the  cage.  Inside  of  this  hole  a  stiff  paper  cone  (formed 
Uke  h  b}^  rolling  up  a  section  of  a  strip  of  paper  cut  to  a  circular 
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shape)  was  held  in  position  by  a  tack  wliich  passed  tlirough  i^  into 
the  wooden  strip.  The  end  of  tliis  cone,  passing  through  the  bpttom 
of  the  cage,  permitted  a  tiiird  glass  tube  (/)  similar  to  the  two  above 
mentioned,  to  be  held  in  position.  No  further  support  to  tl^is  tube 
was  needed  than  that  afforded  by  the  cone  itself. 

In  using  this  cage  a  mass  of  cocoons  of  the  brown-tail  moth  was 
placed  in  the  tray,  and  the  cover  was  put  on  with  the  several  tubes 
in  position.  Tachinid  maggots  issuing  from  the  prepupal  cater|)Ulc^r») 
or  pupae  contained  in  the  cocoon  mass,  in  attempting  to  seek  the 
earth  would  pass  through  the  bottom  of  the  tray  and  be  concjucted  by 
the  stiff  paper  funnel  into  the  lower  tube,  where  they  were  quickly 
noticed  and  easily  re- 
moved. All  other 
parasites,  as  well  as 
the  brown-tail  moths 
themselves,  when  they 
emerged,  were  at- 
tracted by  the  light 
into  the  two  upper 
tubes,  and  could  be 
similarly  removed 
with  little  difficulty. 
(See  PI.  V,  fig.  1.) 

By  the  aid  of  this 
contrivance  we  were 
enabled  to  secure  a 
quantity  of  the  larvae 
of  the  imknown  tach- 
inid, already  men- 
tioned, within  a  few 
minutes  after  they 
had  issued  from  the  fiq.io. 
host,  and  thereby  de- 
termined that  the  fail- 
ure of  this  species  to 
pupate  was  in  no  way  due  to  the  unnatural  surroundings.  Some- 
times the  tubes  were  partly  filled  with  damp  earth,  in  order  that 
these  larvae  might  immediately  come  in  contact  with  it,  and  at  other 
times  the  larvae  were  removed  as  soon  as  they  dropped  and  placed 
upon  earth  similar  to  that  which  they  would  naturally  have  encoun- 
tered had  they  issued  from  cocoons  in  the  field  imder  wholly  natural 
conditions. 

The  use  of  these  cages  also  saved  a  large  amount  of  exceedingly 
painful  work  which  would  otherwise  have  been  necessary  in  deterniin- 
ing  whether  or  not  Parexorista  chelonix  was  present  in  any  of  thc^ 
field  collections. 


Rearing  cage  for  tachinid  parasites  of  the  brown-tail  moth* 
a,  Paper  funnel;  b,  cleats  holding  paper  funnel  in  position;  f ,  tray; 
d,  wooden  strip  on  outside  of  cage;  e,  paper  cone  connecting  paper 
funnel  a  and  glass  tube  /;  h,  h,  paper  funnels  supporting  glass 
tubes  g,  g.    (Original.) 
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nCPOBTATION  AND  HANDUNG  OF  PARASITE  MATEBIAL. 

Since  insects  like  the  gipsy  moth  and  the  brown-tail  moth  are  sub- 
jected to  the  attack  of  diflFerent  species  of  parasites  at  different  stages 
in  their  development,  it  has  been  necessary,  in  order  to  secure  all  of 
these,  to  import  the  host  insects  in  as  many  different  stages  as  pos- 
sible and  practicable.  If  the  present  experiment  in  parasite  intro- 
duction is  brought  to  a  successful  conclusion,  it  will  undoubtedly 
encourage  the  undertaking  of  other  experiments  in  which  similarly 
imported  pests  are  involved.  Even  should  it  fail,  from  a  severely 
practical  standpoint,  and  the  complete  automatic  control  of  neither 
the  gipsy  moth  nor  the  brown-tail  moth  should  be  effected,  it  seems 
to  us  that  the  technical  results  already  achieved  are  sufficient  to  give 
encouragement  rather  than  the  opposite  to  similar  undertakings  in 
the  future.  It  is  therefore  desirable  to  describe  in  some  detail  the 
various  methods  employed  for  the  importation  and  subsequent 
handling  of  the  parasite  material. 

With  very  few  exceptions  the  methods  first  employed,  proved  more 
or  less  unsuitable.  Sometimes  they  were  entirely  discarded ;  usually 
they  were  modified  to  suit  the  exigencies  of  the  occasion.  Some- 
times these  modifications  were  in  comparatively  unimportant  par- 
ticulars which  would  scarcely  be  pertinent  to  any  other  insect  than 
the  gipsy  moth  or  the  brown-tail  moth,  and  realizing  tliis  there  will 
be  no  attempt  in  such  cases  to  enter  into  lengthy  descriptions.  At 
other  times  radical  modifications  have  been  found  necessary  on 
account  of  unforeseen  difficulties  which  would  be  likely  to  occur  in 
pretty  nearly  any  other  undertaking  along  anytliing  like  similar*lines. 

EGG   MASSES   OF   THE   GIPSY   MOTH. 

The  importation  of  egg  masses  of  the  gipsy  moth  (see  PL  VI) 
from  European  sources  has  been  attended  with  no  difficulty  whatever, 
beyond  that  of  securing  the  collection  of  these  eggs  in  sufficiently 
large  quantities.  Any  style  of  package,  provided  that  it  were  suffi- 
ciently tight  to  prevent  loose  eggs  from  sifting  out,  was  as  good  as 
another,  and  any  one  of  the  established  means  of  transportation 
served  the  purpose. 

In  the  case  of  shipments  from  Japan  serious  difficulties  were 
encountered.  One  of  the  parasites  peculiar  to  that  country  and 
unknown  in  Europe  invariably  issued  en  route  and  died  without 
reproducing.  Various  attempts  to  overcome  tliis  difficulty  without 
having  recourse  to  cold  storage  failed  and  it  was  only  after  cold- 
storage  facilities  were  perfected  and  used  that  living  parasites  of  this 
species  were  secured  in  numbers. 

As  .ih  the  instance  of  similar  shipments  from  Europe,  no  special 
form  of  package  was  required,  but  at  the  same  time  a  word  of  appre- 
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Plate  V. 


Fig.  1.- 


-ViEW  OF  InteriorIof  One  of  the  Laboratory  Structures,  Showing 
Rearing  Cages  for  Brown-Tail  Parasites.    (Original.) 


Fig.  2.— Box  Used  in  Shipping  Immature  Caterpillars  of 
the  Gipsy  Moth  from  Japan.    (Original.) 
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elation  must  be  said  for  the  wonderful  care  with  which  the  Japanese 
entomologists  packed  the  egg  masses  for  shipment.  Good-sized  and 
wonderfully  well-constnicted  wooden  boxes  were  used  and  each  mass 
was  wrapped  separately  in  a  small  square  of  soft  rice  paper. 

Considering  the  ease  with  which  egg  masses  of  the  gipsy  moth 
ought,  theoretically,  to  be  obtained  and  shipped  to  the  laboratory, 
the  nimiber  received  in  response  to  the  requests  which  were  made  for 
their  collection  and  shipment  was  astonishingly  small  during  the 
first  two  winters.  Up  to  that  time  only  a  very  few  dead  parasites 
of  an  undescribed  genus  and  species  had  been  received  from 
Japan,  and  none  at  all  had  issued  from  any  of  the  few  European 
importations. 

In  1908  the  several  lots  of  eggs  were  placed  in  small  tube  cages  of 
the  ordinary  t3rpe  and  the  caterpillars  killed  as  they  issued.  Some 
time  after  the  eggs  had  hatched  a  few  parasites  began  to  appear 
simultaneously  from  the  European  and  Japanese  material,  wliich 
proved  upon  examination  to  be  AnoMattts  hifdsciatiLs  in  each  instance. 
Later  a  few  Tyndarichus  navse  were  reared  from  the  Japanese  eggs 
and  supposed,  rightly  enough,  to  be  secondary,  although  probably 
not,  as  at  first  supposed,  upon  Anastatus.  This  hyperparasitism 
was  by  no  means  certain,  and  it  was  resolved  to  determine  the  fact 
definitely  the  following  fall  and  winter,  provided  additional  importa- 
tions could  be  secured.  The  desired  material  was  imported  and  an 
exhaustive  study  of  the  parasites  which  were  present  was  made,  with 
the  result  that  the  five  species  were  reared  and  their  host  relations  as 
well  as  their  reliations  one  to  another  definitely  determined.  The 
execution  of  this  project  proved  to  be  much  more  tedious  than  was 
expected,  and  was,  in  fact,  the  feature  of  that  winter^s  work.  Fur- 
ther mention  of  the  investigation  will  appear  in  the  discussion  of 
Schedius  Jcuvanse, 

GIPSY-MOTH   CATERPILLARS,  FIRST   STAGE. 

In  the  spring  of  1907  an  attempt  was  made  to  import  the  cater- 
pillars of  the  gipsy  moth  in  their  first  instar,  and  a  considerable  num- 
ber was  received  from  several  different  localities.  The  experiment 
was  not  a  success  and  was  not  repeated.  The  mortality  was  heavy 
en  route  and  only  a  small  proportion  of  the  caterpillars  would  feed 
after  receipt.  Some  few  were  carried  through  to  maturity,  but  no 
parasites  were  reared. 

It  is  very  probable  that  if  recourse  were  had  to  cold  storage, 
caterpillars  could  very  successfully  be  transported  in  this  stage,  but 
the  importation  of  slightly  larger  caterpillars  indicates  that  the  per- 
centage of  parasitism  would  average  to  be  very  small  at  the  best,  and 
it  is  probable  that  the  best  would  rarely  be  achieved. 
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GIPSY-MOTH   CATERPILLARS,  SECOND  TO  FIFTH  STAGES. 

•    EUROPEAN  IMPORTATIONS.  t 

The  first  importations  of  gipsy-moth  caterpillars  in  the  second  to 
fifth  stages  were  made  in  1907.  Small  wooden  boxes,  each  with  a 
capacity  of  about  40  cubic  inches,  were  used  for  the  purpose,  and 
all  shipments  were  by  mail.  The  caterpillars,  usually  to  the  number 
of  100,  were  inclosed  in  these  boxes,  together  with  several  twigs 
bearing  fresh  foUage. 

The  method  was  of  doubtful  utility,  and  at  the  same  time  no 
improvement  upon  it  could  be  devised  short  of  cold  storage  en  route. 
On  receipt  the  twigs  would  usually  be  stripped  bare  of  foliage.  Some 
of  the  caterpillars  were  invariably  dead — whether  from  starvation  or 
from  injuries  received  at  the  time  of  collection  or  subsequently  could 
not  be  determined.  The  remaining  caterpillars  were  in  all  stages  of 
emaciation  and  many  of  them,  though  still  hving,  were  too  weak  to 
recuperate. 

Parasites  in  considerable  variety  but  always  in  very  small  num- 
bers issued,  for  the  most  part  en  route,  but  occasionally  from  the 
caterpillars  after  receipt.  Nothing  could  be  decided  as  a  result  of 
these  importations  and  their  repetition  was  resolved  upon. 

It  was  planned  to  import  much  larger  numbers  in  1908  without 
modifying  the  methods  employed  the  year  before.  In  this  respect 
success  was  not  achieved,  principally,  it  would  appear,  on  account  of 
the  difficulty  of  collecting  these  small  caterpillars  in  numbers,  espe- 
cially in  localities  where  the  gipsy  moth  was  not  very  abundant. 
Furthermore,  it  became  increasingly  evident  that  the  percentage  of 
parasitism  (so  far  as  it  could  be  determined  by  the  actual  number  of 
parasites  secured)  was  so  insignificant  as  to  make  the  task  of  import- 
ing sufficiently  large  numbers  of  any  one  parasite  for  the  purpose  of 
colonization  wholly  impracticable.  Many  of  the  lots  of  caterpillars 
which  were  received  in  the  best  condition  produced  no  ]>arasites  at 
all.  It  was  therefore  evident  that  if  extensive  operations  in  any 
locality  should  be  determined  upon,  complete  failure  might  result 
through  the  absence  of  the  parasites  in  that  particular  locality  dur- 
ing that  particular  season.  Nothing  less  than  an  improvement  ia 
the  service  of  several  thousand  per  cent  over  that  of  1907  or  1908 
would  answer,  and  this  was  altogether  out  of  the  question,  except 
at  an  expenditure  which  even  the  generous  funds  appropriated  by  the 
State  and  Federal  Governments  could  not  cover.  Further  impoi*ta- 
tions  from  Europe  were  regretfully  decided  to  be  impracticable. 
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JAPANESE   IMPORTATIONS. 

'It  has  already  been  told  how  Prof.  Kincaid  «pent  the  summer  of 
1908  in  Japan  in  the  interests  of  the  parasite  work.  Wliile  there,  in 
cooperation  .with  the  Japanese  entomologists,  lie  evolved  a  wholly- 
new  method  for  the  transportation  of  the  immature  caterpillars  of 
the  ^psy  moth,  which  would  have  been  applicable  in  the  case  of 
European  importations  if  it  had  seemed  to  be  worth  wliile  to  coh- 
tmue  these  importations  in  1909.  Large  oblong  wooden  boxes  hav- 
ing a  capacity  of  about  IJ  cubic  feet  were  used.  Like  all  the  boxes 
received  from  Japan,  they  were  most  excellently  constructed  of  a 
sort  of  wood  which  was  less  affected  by  dampness  than  most. 
The  success  of  the  work  was  very  lai^ely  dependent  upon  both  the 
character  of  the  wood  and  the  excellence  of  construction.  It  is  cer- 
tain that  ordinary  packing  boxes  would  have  warped  to  such  an 
extent  as  to  permit  the  escape  of  the  small  caterpillars. 

These  boxes  (see  PL  V,  fig.  2)  were  first  lined  with  several  thick- 
nesses of  absorbent  paper,  which  was  then  thoroughly  dampened! 
Small  branches  of  a  species  of  Alnus  were  attached  to  the  sides,  so 
that  the  interior  was  a  mass  of  green  foUage;  the  caterpillars  to  the 
number  of  several  hundred  were  introduced,  the  cover  tightly  attached, 
and  the  whole  sent  in  cold  storage  from  Yokohama  to  Boston  with 
scarcely  an  interruption  en  route.  Sometimes  the  ends  of  the 
branches  were  thrust  into  a  piece  of  succulent  root  (radish  or  potato), 
but  this  proved  unnecessary,  and  rather  a  detriment  than  otherwise. 

The  condition  of  these  boxes  on  receipt  was  usually  good,  and  in 
some  instances  surprising.  In  some  of  the  best  of  them  scarcely  a 
leaf  was  withered  or  even  discolored,  and  in  one  in  particular  it 
seemed  ahnost  as  though  the  branches  had  been  freshly  collected, 
with  the  early  morning  dew  still  clinging  to  the  leaves.  This  illusion 
was  almost  instantly  destroyed,  for  within  an  hour  practically  ever\" 
leaf  had  dropped  from  the  stem  and  was  already  beginning  to  blacken, 
as  though  struck  by  a  sudden  blight. 

There  was  a  good  deal  of  difference  in  the  condition  of  the  cater- 
pillars. Those  which  had  been  shipped  in  the  second  and  third  stages 
almost  invariably  anrived  in  the  best  condition.  There  was  scarcely 
any  mortahty  en  route,  and  physically  they  were  all  in  perfect  health 
and  ready  to  feed  voraciously.  Larger  caterpillars  did  not  survive 
their  journey  so  well,  and  among  those  that  had  reached  the  fifth 
stage  there  was  always  a  heavy  mortality,  and  the  survivors  were 
never  very  healthy  and  would  mostly  die  without  feeding.  It  would 
appear  that  they  were  so  heavy  as  to  be  thrown  to  the  bottom  of  the 
box  while  dormant  through  cold,  and  thus  become  injured. 

While  technically  a  success,  these  attempts  were  practically  fail- 
ures.    No  parasites  were  secured  in  anything  more  than  the  most 
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insignificant  numb^^,  which  could  not  be  secured  mxich  more  easily 
in  other  ways,  and  no  further  importations  were  attempted  in  1909. 

Relatively  uuch  small  quantities  of  this  class  of  material  have.been 
received  as  to  make  unnecessary  any  specially  devised^  methods  for 
their  economical  handling.  With  very  few  exceptions  the  boxes  were 
opened  inmiediately  upon  receipt  and  most  carefully  sorted  for  parasites 
find  living  caterpillars.  A  few  of  the  large  Japanese  boxes  were  not 
opened  immediately,  but  holes  were  bored  in  the  end,  cones  and  tubes 
inserted,  and  living  insects  of  all  sorts  thus  attracted  to  the  light  and 
removed.  The  living  caterpillars  were  placed  in  cages  or  trays  and 
fed,  and  occasionally  a  few  parasites  were  thus  secured  in  addition 
to  those  present  in  the  boxes  upon  receipt. 

It  is  very  much  to  be  regretted  that  the  dead  and  dying  cater- 
pillars were  not  preserved  for  subsequent  examination  and  dissection, 
but  it  was  only  in  1909,  after  the  shipments  of  this  sort  of  material 
had  been  discontinued,  that  the  wholesale  dissection  of  caterpiUars 
•was  attempted  for  the  purpose  of  ascertaining  the  proportion  of 
parasitized  individuals.  At  the  best,  even  after  long  experience,  it  is 
a  tedious  process,  especially  in  the  case  of  material  which  has  been 
killed  and  preserved. 

A  few  caterpillars,  accidentally  imported  in  their  early  stages  with 
Apan teles  cocoons  in  1910,  were  saved  and  dissected  with  good  results 
from  a  technical  standpoint. 

GIPSY-MOTH   CATERPILLARS,  FULL-FED   AND   PUPATING. 

Importations  of  large  caterpillars  (PL  VI)  ready  or  nearly  ready 
to  pupate  were  first  made  iu  1905,  and  it  was  demonstrated  during 
that  year  that  they  could  be  brought  to  America  with  a  fair  degree 
of  success,  and  that  at  least  a  proportion  of  the  parasites  with  which 
they  were  infested  could  be  reared. 

Ever  since  1905  we  have  been  attempting  to  improve  upon  the 
methods  first  used  during  that  year  and  have  experimented  with 
scores  of  modifications  of  the  most  successful,  some  of  which  were 
intentional  while  others  were  incidental  to  the  fact  that  there  have 
been  many  different  collectors,  each  of  whom  has  displayed  some 
individuality  in  his  methods  of  collecting  and  packing.  It  would 
be  tedious  and  is  probably  unnecessary  to  go  into  detailed  de- 
scriptions of  even  a  part  of  these  various  intentional  or  accidental 
experiments. 

The  most  successful  method  yet  devised  involves  the  use  of  rather 
shallow  wooden  boxes  having  a  capacity  of  from  40  to  70  cubic 
inches.  (See  PL  VIIl,  fig.  3.)  Quite  a  large  number  of  shipments 
has  been  made  in  much  larger  boxes,  but  their  condition  on  receipt  has 
almost  invariably  been  very  bad.  The  boxes  must  be  tight  to  prevent 
the  escape  of  tachinid  larvae,  which  can  apparently  pass  through  any 
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PLATt  VL 


Different  Stages  of  the  Gipsy  Moth  (Porthetria  dispar). 

Sggmass  oil  centerof  twig;  female  moth  ovipositing  just  below,  female  moth  below,  at  left, 
enlarged;  male  moth,  somewhat  reduced,  immediately  ubove:  female  moth  immediately  above, 
somewhat  reduced;  male  moth  with  wingn  folded  in  up(>er  left;  male  chrysalis  at  right  of 
this;  female  chrysalis  again  at  right;  larva  at  center.    (Original.) 
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opening  large  enough  to  accommodate  the  head.  No  special  pro- 
viaon  for  ventilation  is  necessary,  but  it  is  necessary  to  construct 
the  boxes  of  soft  and  absorbent  wood  in  order  to  secure  best  results. 
This  will  not  only  prevent  too  rapid  evaporation,  but  superfluous 
moisture  will  first  be  absorbed  and  subsequently  will  evaporate. 
Tin  boxes  are  wholly  unsuitable  apd  paper  or  pasteboard  have  never 
been  at  all  satisfactory. 

Twigs  with  foliage  should  be  included  in  each  box,  and  these  must 
be  long  enough  to  remain  firmly  braced  in  case  the  caterpillars  eat 
the  foUage.  Some  very  bad  results  have  followed  the  use  of  loose 
foliage,  a  practice  which  certain  collectors  have  be^i  persistent  in 
following. 

The  fewer  the  caterpillars  included  in  each  box  the  better  the 
results.  The  number  has  gradually  been  reduced  from  100  at  first 
to  20  during  the  past  few  years.  Undoubtedly  10  would  be  bettor 
yet,  but  not  enough  better  to  make  the  added  expense  an  economy. 

The  more  nearly  the  caterpillars  are  ready  to  pupate  when  packed 
the  better.  If  collected  just  a  few  days  before  pupation,  they  usually 
arrive  in  good  shape,  provided 'conditions  otherwise  are  as  they 
should  be. 

Shipments  by  mail  have  generally  been  successful  when  the  boxes 
were  not  smashed,  as  has  sonietimes  happened,  or  when  something 
else  was  not  wrong.  Shipments  by  express  without  cold  storage 
have  been  equally  successful  when  the  boxes  have  been  properly 
packed.  As  has  been  said,  there  is  no  need  to  provide  for  the  ven- 
tilation of  the  interior  of  the  box,  but  the  exterior  must  be  exposed 
to  the  wr  on  at  least  one  side  to  permit  the  evaporation  of  the  mois- 
ture absorbed  by  the  wood.  Otherwise,  as  nearly  always  happens, 
when  a  part  of  the  caterpillars  or  pup»  die,  they  decompose,  and  as  a 
result  of  their  presence  a  similar  fate  usually  overtakes  the  remainder. 
Some  very  large  shipments  were  a  complete  loss  in  1907,  merely 
because  a  European  agent,  prevented  by  newly  enforced  postal 
regulations  froin  making  shipments  by  mail,  packed  the  boxes  tightly 
in  large  packing  cases  and  forwarded  them  by  express.  When  the 
lids  were  removed  from  these  cases  the  sides  of  the  boxes  were  found 
to  be  thoroughly  damp,  and  the  whole  exhaled  an  ammoniacal  odor 
so  strong  that  it  would  seem  of  itself  alone  sufficient  to  destroy  any 
ordinary  form  of  insect  life. 

Bundles  of  boxes  wrapped  in  thick,  glazed  paper  have  almost  invari- 
ably been  received  in  bad  condition.  If  the  paper  is  soft  and  absorbent 
it  is  generally  satisfacto^>^  One  collector  wrapped  several  packages 
in  a  thick  fabric  composed  of  tarred  paper  strengthened  by  muslin, 
and  the  contents  rotted. 

Cold  storage  in  the  case  of  shipments  of  this  character  would  never 
have  been  either  necessary  or  even  desirable  had  it  not  been  for  the 


Digitized  by 


Google 


158  PARASITES  OF   GIPSY   AND  BROWN-TAIL  MOTHS. 

difficulties  experienced  in  the  importation  of  BlepJiaripa  scvieUaia. 
All  other  species  of  parasites  could  be  secured  equally  as  well  or  better 
from  shipments  under  normal  conditions,  but  because  Blepharipa 
differed  from  all  the  others  in  this  apparently  minor  characteristic, 
it  was  found  necessary  to  make  use  of  cold  storage  for  practically 
all  of  the  very  large  shipments  made  during  1909  and  1910. 

No  large  shipments  of  full-fed  caterpillars  have  been  made  from 
Japan.  They  were  rendered  unnecessary  in  the  first  place  on  account 
of  the  very  excellent  and  inteUigent  service  rendered  by  the  Japanese 
entomologists.  There  are  but  three  important  parasites  to  be  secured 
from  these  large  caterpillars  in  Japan,  and  the  cocoons  and  puparia 
of  these  have  been  reared  and  forwarded  to  us  in  specially  devised 
packages,  with  almost  uniformly  good  results. 

There  have  been  a  few  very  valuable  lots  of  material  of  this  char- 
acter shipped  otherwise  than  as  above  described.     It  is  by  no^^ 

certain  that  if  sufficient  time  and  experimentation  were  to  be  devot 
to  the  subject  some  of  these  occasional  and  successful  modifications 
•  might  not  be  developed  into  sometliing  better  than  has  yet  been 
tested.  Any  deviation  is  apt  to  prove  disastrous,  however,  as  wit- 
nessed in  1910,  when  failure  resulted  because  the  quality  of  the  paper 
used  for  wrapping  the  bundles  of  boxes  was  changed  in  several  instances 
from  that  employed  at  any  time  previously.  It  is  very  difficult,  and  in 
practice  impossible,  to  foresee  such  minor  contingencies  and  provide 
against  them.  The  really  serious  phase  of  the  situation  lies  in  the 
fact  that  such  a  slight  modification  may  result  not  only  in  the  com- 
plete loss  of  the  shipment  itself,  but  in  a  year's  delay  before  it  can  be 
remedied.  By  the  time  the  first  shipments  are  received  and  the 
trouble  recognized,  it  is  apt  to  be  too  late  to  apply  a  remedy  that 
year,  even  by  the  use  of  the  cable. 

The  laboratory  methods  in  use  for  the  handling  of  the  parasite 
material  of  this  sort  have  been  modified  in  various  ways,  more  espe- 
cially for  the  express  purpose  of  overcoming  the  difficulty  in  hiber- 
nating the  puparia  of  BlepJiaripa  scutellata.  Such  of  these  modifica- 
tions as  have  heen  primarily  made  for  tliis  special  purpose  will  be 
discussed  in  the  account  of  Blepharipa  which  will  be  found  elsewhere. 

In  general  it  has  been  the  practice  to  open  the  boxes  immediately 
upon  their  receipt,  and  to  sort  the  contents  in  accordance  with  their 
character.  The  tachinid  puparia  were  always  carefully  counted, 
and  of  late  years  they  have  been  sorted  to  a  certain  extent  into 
species. 

In  1907  all  the  puparia  were  placed  in  jars,  without  sorting,  with  a 
Uttle  very  slightly  dampened  earth  wliich  was  kept  from  drying  by 
the  use  of  a  wet  sponge.  In  1908  they  were  sorted  to  species,  so  far 
as  this  was  practicable,  and  all  were  kept  dry.  In  1909  the  Blepharipa 
puparia  were  sorted  out  and  placed  in  earth  as  soon  thereafter  as 
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possible.  The  remainder  were  placed  in  small  tube  cages,  and  taken 
to  the  field  where  they  were  to  be  liberated.  An  attendant  counted 
the  number  of  flies  issuing,  and  watched  for  secondary  parasites. 
Since  no  secondary  parasites  issued  in  the  summer  from  puparia 
secured  in  this  manner,  in  1910  the  puparia  were  merely  placed  in 
cages  which  were  taken  to  the  colony  site  and  left  unattended  until 
the  flies  had  ceased  to  issue. 

After  the  adults  of  the  summer-issuing  forms  have  all  ceased  to 
emerge,  the  sound  puparia  are  more  or  less  carefully  sorted.  Those 
supposed  to  be  Parasetigena  segregaia,  indistinguishable  externally 
from  dead  Tricholyga  or  Tachina,  are  buried  in  damp  earth  for  the 
winter.  Mr.  J.  D.  Tothill,  one  of  the  assistants  at  the  laboratory, 
devised  an  ingenious  method  for  separating  the  puparia  containing 
the  healthy  pupae  of  Parasetigena  from  those  containing  dead  Tachina 
or  Tricholyga,  by  holding  them  so  that  they  were  viewed  against  a 
narrow  beam  of  very  strong  light.  The  method  was  not  infallible, 
but  served  its  purpose  fairly  well,  and  was  the  first  of  many  which 
had  been  experimented  with  which  was  at  all  successful. 

The  living  caterpillars  removed  from  the  boxes  have  been  placed 
in  cages  or  trays  and  fed,  but  only  an  insignificant  proportion  of  them 
has  ever  lived  long  enough  to  be  killed  by  the  parasites  which  many 
of  them  have  contained.  Large  numbers  of  them  have  been  dissected 
for  the  purpose  of  determining  the  proportions  parasitized. 

The  dead  caterpillars  not  infrequently  contain  the  puparia  of 
Tricholyga,  when  this  parasite  happens  to  be  common  in  the  locality 
from  which  the  shipment  originated.  Under  such  circumstances 
they  are  placed  in  tube  cages  for  the  emergence  of  the  flies.  If 
Tricholyga  is  not  present  in  the  boxes  in  the  form  of  free  puparia  the 
dead  caterpillars  may  as  well  be  discarded,  shice  it  is  only  very 
rarely  that  any  other  tachinid  pupates  hi  this  manner. 

Pupae,  both  living  and  dead,  nearly  always  contain  a  considerable 
number  of  the  larvae  of  BlepJiaripa  scuteUata,  They  are,  therefore, 
placed  over  damp  earth  in  order  that  the  larvae  may  pupate  under 
natural  conditions.  Other  tachinids  may  occur  in  the  pupa,  but 
never  in  anything  but  insignificant  numbers. 

GIPSY-MOTH   PUP-E. 

It  would  seem  as  though  it  ought  to  be  an  easy  matter  to  import 
the  pupae  (PI.  VI)  of  the  gipsy  moth  in  good  condition,  but  for 
reasons  which  are  not  altogether  clear  in  every  instance  the  vast 
majority  of  the  importations  of  pupae  have  been  worthless,  or  worse 
than  wortliless,  since  the  handling  of  worthless  material  involves  an 
additional  waste  of  labor.  Too  often  the  cause  of  failure  is  directly 
and  obviously  the  result  of  careless  packing,  and  the  number  of  lots 
of  pupae  which  have  been  received  packed  with  the  care  which  is 
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essential  to  success  is  very  small.  The  most  successful  sliipments 
ever  received  were  <jarefully  packed  in  slightly  dampened  sphagnum 
moss,  so  arranged  that  the  individual  pupae  rarely  touched  each  other. 
One  or  two  successful  importations  thus  received  in  1908  were  used 
as  the  basis  for  future  instru(?8k)ns  to  collectors,  and  in  every  instance 
in  which  the  directions  were  carefully  followed  in  1909  the  results 
were  equally  good.  In  1910  additional  material  apparently  packed 
with  the  same  care  was  received  from  the  same  source  and  via  the 
same  route.  For  no  apparent  reason  whatever  it  was  worthless 
when  received. 

In  consequence  of  this  another  method  which  has  occasionally  been 
followed,  will  be  recommended  for  sliipments  in  1911.  This  has 
been  employed  successfully  upon  various  occasions,  although  without 
anything  like  uniform  success,  and  is  in  efifect  the  -same  as  that  used 
for  the  shipment  of  full-fed  and  pupating  caterpillars  and  the  same 
precautions  must  be  used.  It  will  probably  be  better  to  place  a 
somewhat  larger  quantity  of  foliage  in  the  box  to  prevent  the  pup© 
from  being  thrown  about  too  much  in  transit. 

So  very  few  shipments  of  gipsy-moth  pupae  have  been  received 
at  the  laboratory  as  to  have  rendered  unnecessary  any  special  devices 
for  their  handling  after  receipt.  Each  year  a  few  of  the  lots  of  cater- 
pillars have  contained  a  few  individuals  which  were  collected  as  pre- 
pup»  or  as  pupae,  aivl  from  such,  an  occasional  parasite  of  one  or 
another  of  the  species  peculiar  to  the  pupae  has  been  reared.  These 
have  been  so  few,  however,  as  to  be  of  entirely  inconsequential  value, 
except  from  a  technical  standpoint. 

The  actual  shipments  of  pupae  collected  as  such  have  been  handled 
exactly  as  though  they  consisted  of  active  caterpillars  which  pupate 
en  route,  with  the  one  difference  that  the  pupae  received  have  usually 
beei^  inclosed  in  darkened  cages  with  tubes  attached,  in  order  more 
easily  to  remove  the  parasites  as  they  issued. 

In  1908  pupae  were  received  in  satisfactory  condition  for  the  first 
time  since  the  preliminary  shipments  were  made  in  1905,  and  it  was 
not  until  then  that  the  host  relations  of  several  of  the  parasites, 
notably  Chalcis  spp.  and  Monodontomerus  aereus,  "vfere  finally  deter- 
mined. These  lots  were  studied  with  the  greatest  care,  each  indi- 
vidual pupa  being  opened  on  receipt  and  for  the  most  part  isolated 
in  a  small  vial,  in  order  that  it  might  be  dissected  after  the  contained 
parasite  had  issued. 

BROWN-TAIL   MOTH  EGG   MASSES. 

No  difficulty  has  ever  been  experienced  in  the  importation  of  the 
egg-masses  of  the  brown- tail  moth  (PL  VII),  except  that  when  cold 
storage  is  not  used  a  portion  of  the  parasites  are  apt  to  hatch, 
and  either  escape  or  die  en  route.    Wooden  boxes  of  various  sizes  and 
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Plate  VII. 


Different  Stages  of  the  Brown-tail  Moth  (Euproctis  chrysorrhcea). 

Winter  newt  at  upper  left;  male  and  female  adults,  lower  right;  another  winter  nest,  upper  riKht: 
male  and  female  chrysalides  above,  maleatleft;  full-grown  larva  in  center,  somewhat  reduced; 
young  larv«  at  Its  left:  egg  mass,  the  eggs  hatching,  at  lower  left;  female  ovipositing  on  leaf; 
egg  mass  also  on  same  leaf.    ( original. ) 
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construction  have  been  employed  with  uniformly  good  results,  and 
nearly  all  shipments  have  been  made  by  mail.  All  of  the  parasites 
have  been  found  amenable  to  methods  of  laboratory  control,  and 
their  reproduction  has  been  undertaken  as  an  economic  venture  in 
each  instance.  Under  such  circumstances  there  is  no  need  to  import 
lai^  quantities  except  for  the  purpose  of  discovering  other  forms  of 
parasites,  should  they  exist. 

HIBERNATING   NESTS   OF  THE  BROWN-TAIL  MOTH. 

The  importation  of  hibernating  nests  (PL  VII)  of  the  brown-tail 
moth  has  been  attended  with  very  good  success,  as  a  rule,  but  by  no 
means  invariably.  If  they  are  sent  too  early  in  the  winter  and  sub- 
jected to  long  continued  high  temperature  before  shipment,  or  while 
in  transit,  the  caterpiDars  will  die  instead  of  resuming  activity  in  the 
spring. 

If  sent  too  late  in  the  spring,  exposure  to  abnormally  high  temper- 
atures en  route  results  in  premature  activity  of  the  caterpillars  and 
they  will  arrive  in  bad  and  sometimes  in  worthless  condition. 

If  sent  in  the  middle  of  the  winter  they  wiU  be  very  nearly  ready 
to  resume  activity  on  receipt,  but  if  again  exposed  to  cold  they  will 
become  dormant  and  remain  so  until  about  the  time  when  they  would 
normally  have  become  active.  This  seems  not  too  prejudicial  to 
them,  if  one  is  to  judge  by  their  activities  during  the  first  few  weeks 
after  the  resumption  of  activity,  but  in  some  subtle  manner  a  change 
has  been  wrought,  and  they  do  not  commonly  go  through  to  success- 
ful pupation.  This  phenomenon,  previously  observed  with  other 
insects,  is  discussed  at  some  length  in  the  account  of  the  tachinid 
Zygobothnia  nidicola,  which  hibernates  within  the  caterpillars,  but 
which  does  not  destroy  its  host  until  after  it  has  spun  for  pupation. 

The  failure  to  rear  these  caterpillars  beyond  a  certain  stage  in  the 
spring  was  at  first  attributed  to  some  fault  in  the  methods  employed, 
and  when  it  was  finally  apparent  that  the  fault  lay  elsewhere  there 
was  no  longer  need  to  seek  to  remedy  it.  The  one  parasite  desired 
was  found  to  be  already  introduced  and  apparently  well  estabUshed 
as  the  result  of  a  colonization  some  three  years  before. 

The  methods  for  handling  the  imported  nests  have  varied  from 
season  to  season  in  accordance  with  the  habits  of  the  parasites  which 
it  was  desired  to  rear  from  them.  These  methods  will  be  more  fully 
described  in  the  discussions  of  the  several  parasites  involved:  Ptero- 
tnalus  egregiuSj  Apanteles  Idcteicolor,  and  Zygobothria  nidicola. 

IMMATURE   CATERPILLARS   OF   THE    BROWN-TAIL   MOTH. 

Taken  all  together,  importations  of  active  brown-tail  caterpillars 
(PL  VII)  in  the  second  to  fourth  spring  stages  aggregate  a  con- 
siderable  number.    These  importations  were  undertaken  on  the 

95677*— Bull.  91—11 ^11 
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supposition  that  there  were  parasites  which  attacked  them  as  soon 
as  they  resumed  activity  in  the  spring,  and  left  them  before  they 
reached  their  last  stage.  There  are,  indeed,  several  species  which 
have  such  habits,  but  there  is  none  amongst  them  which  may  not  be 
secured  equally  well  from  either  the  hibernating  caterpillars  or  from 
the  full-fed  and  pupating  caterpillars,  or  from  both.  In  consequence 
the  importation  of  partly  grown  caterpillars  in  the  spring  has  never 
been  attempted  except  experimentally. 

Of  the  considerable  number  which  has  been  received,  nearly  all 
have  been  packed  in  the  same  manner  as  are  the  full-fed  caterpillars. 
They  are  nearly  always  aUve  on  receipt,  and  usually  feed  voraciously 
when  given  an  opportunity.  Undoubtedly  a  considerable  percentage 
contains  parasites  of  those  species  which  only  emerge  after  the  cocoon 
is  spun,  but  every  attempt  to  rear  these  parasites  by  feeding  the  cat- 
erpillars has  resulted  in  failure.  They  will  feed  once,  at  least,  but 
usually  not  more  than  a  few  times,  and  then  die  sooner  than  would 
have  been  the  case  had  they  not  fed  at  all.  Some  among  them  will 
live  for  a  long  titiae,  feeding  a  little  but  scarcely  growing  at  all,  and 
sometimes  a  very  small  percentage  will  complete  growth  and  pupate. 
The  percentage  is  so  very  small,  however,  and  the  labor  and  pain  of 
handling  the  caterpillars  is  so  great,  as  to  render  the  work  of  feeding 
them  of  much  more  than  doubtful  economy,  in  every  instance  in 
which  it  has  been  attempted. 

FULL-FED   AND   PUPATING    CATERPILLARS    OF   THE    BROWN-TAIL   MOTH. 

The  temptation  is  strong  to  use  the  present  opportunity  for  the 
purpose  of  giving  vent  to  certain  poorly  suppressed  and  heartfelt 
expressions  of  opinion  concerning  the  infliction  known  euphemisti- 
cally and  very  inadequately  as  the  brown-tail  ''rash.''  It  is  a  very 
living  subject  of  discussion  during  most  of  the  year  at  the  laboratory, 
but. never  more  so  than  while  the  boxes  of  full-fed  and  pupating 
brown-tail  caterpillars  are  being  received  from  Europe. 

Aside  from  the  fact  that  the  handUng  of  this  sort  of  parasite  mate- 
rial has  been  productive  of  most  acute  physical  anguish,  it  has  been 
altogether  the  most  uniformly  satisfactory  of  any  received.  No  mod- 
ifications in  the  methods  of  packing  have  been  suggested  during  the 
past  five  years,  other  than  a  slight  modification  in  the  form  x)f  the  box 
in  order  to  alleviate  the  trouble  to  which  reference  is  made  above. 

Rather  shallow  boxes,  having  a  capacity  of  about  50  cubic  inches, 
are  used  for  the  purpose.  (See  PL  VIII,  figs.  1,2.)  The  caterpillars 
^re  collected,  preferably  just  before  they  spin  their  cocoons,  and  100 
are  placed  in  each  box,  together  with  a  few  twigs  with  foliage  at- 
tached, which  serve  less  as  food  than  as  a  support  for  the  cocoons. 
When  collected  at  the  proper  time  practically  all  will  spin  and  pupate 
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en  route,  and  the  cocoons  are  so  strong  as  to  prevent  the  pupa?  from 
becoming  injured. 

There  has  never  been  any  trouble  experienced  through  these  boxes 
sweating  en  route,  as  has  so  frequently  happened  when  boxes  con- 
taining gipsy-moth  caterpillars  have  been  too  closely  confined  in  box 
or  bundle,  but  at  the  same  time  those  which  have  been  exposed  to 
free  circulation  exteriorly  are  noticeably  in  better  condition  than 
others. 

Much  the  larger  proportion  of  the  material  of  this  sort  has  been 
received  in  perfect  condition  at  the  laboratory,  and  large  quantities 
of  parasites  have  been  reared  from  nearly  every  lot  thus  received. 
Occasionally  boxes  have  been  used  which  were  not  sufficiently  tight 
to  prevent  the  escape  of  the  tachinid  larvsB,  and  some  loss  has  accrued 
in  consequence.  In  a  number  of  instances  the  boxes  have  been 
infected  with  fungous  disease,  and  all  or  nearly  all  of  the  caterpillars 
or  freshly  formed  pupae  have  died  in  consequence.  In  rather  an 
unnecessary  number  of  instances,  or  so  it  would  seem,  caterpillars 
have  been  collected  too  young,  and  have  failed  to  pupate  en  route. 
Such  shipments  properly  fall  in  the  class  last  mentioned,  and  are 
worthless  for  the  purposes  desired. 

Through  a  misunderstanding  nearly  all  of  this  class  of  material 
was  sent  in  cold  storage  in  1909,  with  the  result  that  the  caterpillars 
failed  to  pupate  en  route,  as  would  have  been  the  result  otherwise, 
and  a  good  many  of  them  failed  to  pupate  after  receipt.  Considera- 
ble Joss  resulted  on  this  accoimt  before  the  coUectcrrs  could  be  noti- 
fied to  return  to  the  original  method  of  sliipping  by  mail. 

In  handling  the  boxes  of  caterpillars  and  pupae,  a  variety  of  meth- 
ods has  been  employed,  of  which  the  most  satisfactory  appears  to  be 
simply  boring  a  hole  in  the  one  end,  arid  introducing  a  paper  cone 
and  tube.  Even  the  removal  of  the  covers  from  a  dozen  or  more 
boxes  without  protection  is  accompanied  by  painful  results,  and 
owing  to  the  difficulty  of  boring  the  holes  without  spUtting  the  wood, 
after  the  box  has  been  received  at  the  laboratory,  collectors  are  now 
instructed  to  prepare  the  boxes  for  the  reception  of  the  tube  at  the 
time  of  their  manufacture. 

In  1906  and  1907,  when  the  first  shipments  of  this  character  were 
received,  and  when  little  was  known  of  the  character  of  the  parasites 
which  were  Ukely  to  be  reared  from  them,  it  was  thought  necessary 
not  only  to  open  each  box,  but  to  sort  it  over,  and  remove  the  tachi- 
nid puparia  which  were  always  present  in  a  larger  or  smaller  number. 
It  was  known  that  there  were  always  present  certain  species  of  tachi- 
nids  which  would  only  complete  their  final  transformations  success- 
fully when  their  puparia  were  kept  more  or  less  moist,  and  it  was 
expected  that  among  the  parasites  of  the  brown-tail  moth  would  be 
some  possessing  this  characteristic.     Opening  the  boxes  without  some 
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sort  of  protection  was  utterly  impossible.  Automobile  goggles  were 
used  to  protect  the  eyes,  various  forms  of  respirators  to  prevent  the 
inhalation  of  the  spines^  the  hands  were  protected  by  rubber  gloves, 
and  the  neck  and  face  were  swathed  in  accordance  with  the  fancy 
of  the  operator. 

Two  ingenious  types  of  headdress  (PL  IX,  fig.  1)  were  devised  by 
Mr.  E.  S.  G.  Titus  in  the  hope  that  they  would  solve  the  diflBculty, 
but  it  was  found  that  they  were  not  only  unbearably  hot,  but  that 
the  glass  fronts  would  quickly  become  covered  with  moisture  which 
could  not  be  removed. 

In  1907  a  much  larger  quantity  of  this  sort  of  material  was  received 
than  during  the  previous  summer,  and  it  was  practically  a  necessity 
that  some  method  be  devised  which  would  do  away  with  at  least  part 
of  the  trouble.  After  some  little  experimentation  the  arrangement 
shown  in  the  illustration  was  the  result.  (PI.  IX,  fig.  2.)  It  con- 
sisted of  an  ordinary  show  case,  with  sides  and  top  of  glass  and  with 
a  wooden  sUde  in  the  back.  The  two  ends  were  removed  and  re- 
placed with  boards  in  which  armholes  had  been  cut.  Thick  canvas 
sleeves  were  attached  to  these,  through  which  the  gloved  hands  of 
the  operator  were  thrust,  and  it  was  found  that  the  work  could  be 
done  with  what  was,  comparatively  speaking,  a  minimum  of  dis- 
comfort and  danger. 

In  1908,  for  several  reasons  which  need  not  be  entered  into  here, 
it  was  thought  desirable  to  discontinue,  temporarily,  the  importation 
of  large  quantities  of  the  pupating  caterpillars,  and  it  was  also  demon- 
strated that  all  of  the  parasites  which  were  secured  from  them  would 
complete  their  transformations  without  being  kept  moist.  The  work 
of  sorting  over  the  boxes  of  parasite  material  was  thus  demonstrated 
to  be  unnecessary,  and,  consequently,  in  1909,  when  large  importa- 
tions were  resumed,  the  covers  were  simply  removed  from  the  boxes, 
which  were  then  stacked  up  in  the  large  wooden  tube  cages  (PI.  X, 
fig.  1),  which  had  originally  been  constructed  for  the  rearing  of 
parasites  from  the  imported  hibernating  nests. 

BROWN-TAIL   MOTH   PUP^. 

Several  attempts  have  been  made  to  ship  the  pupae  (PI.  VII) 
of  the  brown-tail  moth,  packed  in  moss,  as  was  at  one  time  rec- 
ommended for  the  shipment  of  the  pupae  of  the  gipsy  moth.  Such 
attempts  have  usually  been  more  or  less  satisfactory,  but  never  as 
satisfactory  as  when  the  cocoons  were  collected  in  the  field  and  placed 
loose  in  the  boxes  together  with  the  active  caterpillars.  If  only  a 
small  portion  of  the  pupae  is  collected  in  the  field,  the  only  sure  method 
of  detecting  their  presence  is  by  the  occurrence  of  the  pupal  parasites 
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Fig.  1. -Boxes  Used  in  1910  for  Importation  of  Brown-Tail  Moth  Caterpillars, 
WITH  Tubes  Attached  Directly  to  Boxes.    (Original.) 


F»G.  2.— Interior  of  Boxes  in  which  Brown-Tail  Moth  Caterpillars  were 
Imported,  Showing  Condition  on  Receipt.    (Original.) 


Fig.  3.— Boxes  Used  in  Shipping  Caterpillars  of  the  Gipsy  and  Brown-Tail 
Moths  by  Mail.    (Original.) 
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Plate  IX. 


Fig.  1.  -Headgear  Devised  by  Mr.  E.  S.  G.  Titus  for  Protection  Against  Brown- 
Tail  Rash.    (Original.) 
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Fig.  2.— Show  Case  Used  When  Opening  Boxes  of  Brown-Tail  Moth  Cater- 
pillars Received  from  Abroad.    (Original.) 
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Plate  X. 


Fig.  1  .—Large  Tube-Cage  First  Used  for  Rearing  Parasites 
FROM  Imported  Brown-Tail  Moth  Nests  and  Latterly  for 
Various  Purposes.    (Original.) 


Fio.  2.— Method  of  Packing  Calosoma  Beetles  for  Shipmemt.    (Original.) 
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among  those  reared.    A  large  number  of  the  shipments  has  produced 
small  or  large  percentages  of  these  parasites. 

Shipments  of  pupae  collected  as  such  would  preferably  be  made  in 
cold  storage.  The  most  of  the  parasites,  including  those  which  are 
or  which  appear  to  be  of  the  most  importance,  emerge  coincidently 
or  nearly  so  with  the  moths  themselves,  and  if  sent  by  ordinary  mail 
they  are  apt  to  issue  and  die  en  route. 

COCOONS   OF  HYMENOPTEKOUS   PARASITES. 

There  is  only  one  hymenopterous  parasite  of  demonstrated  impor- 
tance which  attacks  the  gipsy  moth,  and  which  spins  a  cocoon  outside 
of  the  host.  This  is  ApantelesfulvipeSj  of  Europe  and  Japan,  and  it  is 
probable  that  the  numbers  of  its  cocoons  imported  as  such  have 
amounted  to  at  least  1,000,000. 

Little  care  is  necessary  in  packing  these  for  shipment,  other  than 
that  they  must  not  be  crushed,  npr  yet  too  damp.  A  considerable 
degree  of  dampness  has  been  sustained  without  injury,  but  upon  one 
occasion  in  which  they  were  packed  between  sheets  of  damp  blotting 
paper,  there  was  sufficient  moisture  present  to  thoroughly  soak  the 
cotton  and  some  loss  resulted. 

The  Japanese  have  displayed  no  Uttle  ingenuity  in  devising  new 
methods  for  sending  these,  and  with  one  exception,  just  noted,  all 
have  been  good  so  far  as  packing  was  concerned.  One  method, 
which  possessed  a  certain  advantage  over  the  others  in  permitting 
the  adults  which  chanced  to  emerge  en  route  a  certain  amount  of  very 
advantageous  freedom,  was  used  in  a  single  shipment,  which,  partly 
on  that  account  but  principally  on  others,  ranks  as  immeasurably 
the  best  ever  received.  The  cocoons,  to  the  number  of  about  1,000, 
were  inclosed  in  a  little  wicker  cage,  which  in  turn  was  inclosed  in  an 
envelope  of  mosquito  netting  which  prevented  the  cocoons  from  scat- 
tering out,  but  did  not  hinder  the  escape  of  the  adults.  This  cage 
was  supported  in  the  very  center  of  a  large,  otherwise  empty  wooden 
box  by  means  of  strings  which  were  passed  through  screw  eyes  in  the 
nuddle  of  each  side  and  drawn  taut.  There  was  nothing  loose  in  the 
box  to  crush  the  deUcate  parasites,  no  matter  how  roughly  it  was 
handled,  and  they  were  not  only  given  ample  space  to  expand  and 
stretch  their  wings,  but  they  were  kept  inactive  by  the  perfect  dark- 
ness (or  at  least  were  presumably  so).  It  would  be  a  simple  matter 
to  spray  a  portion  of  one  side  of  the  box  with  a  very  fine  dew  of 
honey,  and  if  this  were  done  the  life  of  the  adults  would  probably 
be  considerably  prolonged. 

Cold  storage  is  an  absolute  necessity  if  the  cocoons  of  this  parasite 
are  to  be  as  much  as  a  week  en  route.    The  transformations  are  apt 
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to  be  concluded  in  considerably  less  than  one  week  after  the  spinning 
of  the  cocoon  if  the  weather  is  hot,  and  ever,  under  the  best  of  con- 
ditions which  can  be  devised  for  keeping  them  aUve  the  mortality  is 
heavy.  Even  in  the  ordinary  temperature  of  a  steamship's  cold 
room  development  continues. 

TACHINID  PUPABIA. 

The  importation  of  tachinid  puparia  is  by  no  means  so  simple  as 
the  importation  of  Apanteles  cocoons,  but  at  the  same  time  it  is  easy 
as  compared  with  the  difficulties  attending  the  importation  of  live 
gipsy-moth  caterpillars  from  which  to  rear  these  puparia  in  America. 

In  all,  quite  large  numbers  have  been  received  from  both  Europe 
and  Japan.  A  variety  of  methods  has  been  tested  in  the  hope  of  hit- 
ting upon  one  that  would  be  appUcable  for  the  purpose.  Shipping 
in  damp  earth  was  early  attempted,  and  seems  to  be  the  very  first 
method  which  suggests  itself  to  anyone  wishing  to  ship  a  quantity 
of  them,  but  of  all  ways  it  is  very  nearly  the  worst.  It  would  prob- 
ably be  the  best,  if  the  larvae  could  be  allowed  to  enter  the  earth 
naturally  and  if  they  were  left  there  wholly  undisturbed  throughout 
the  time  they  were  in  transit,  but  mingled  with  damp  earth  and 
placed  in  a  box  to  be  sent  by  mail  or  express,  disaster  is  pretty  sure 
to  result.  Cotton  has  also  been  used  several  times,  and  it  is  usually 
as  bad  and  sometimes  worse.  With  the  exception  of  excelsior,  cot- 
ton is  about  the  worst  packing  for  Uving  insects  that  has  come  under 
observation  at  the  laboratory,  although  gritty  moss,  of  a  sort  which 
dries  brittle,  is  also  bad.  Presumably  there  are  other  worse  sub- 
stances, but  they  have  not  been  discovered  at  first  hand. 

Probably  the  best  packing  material  is  slightly  damp  and  preferably 
Uving  sphagnum  moss.  The  live  moss  retains  its  moisture  in  a  man- 
ner wholly  different  from  the  moss  which  has  been  killed,  dried,  and 
subsequently  dampened.  Test  shipments,  which  were  sent  to  France 
and  back  without  being  opened,  returned  to  the  laboratory  in  good 
and  almost  unaltered  condition,  in  the  case  of  those  which  were 
inclosed  in  tight  boxes.  Even  when  fully  exposed  to  the  air  the  liv- 
ing moss  seems  to  dry  much  more  slowly  and  to  hold  its  moisture 
more  naturally.  Sphagnum  possesses  the  great  additional  advan- 
tage of  being  much  softer  when  dry  than  most  other  kinds  of  moss. 

One  disadvantage  attending  the  shipment  of  puparia,  no  matter 
how  they  are  packed,  is  that  of  secondary  parasites.  A  single  colony 
of  Dibrachys,  issuing  en  route  from  one  of  a  lot  of  puparia,  will  result 
in  the  parasitism  of  a  large  proportion  of  the  remainder.  This 
might  possibly  be  prevented  by  packing  in  sand  or  earth,  but  this 
appears  to  be  about  the  only  advantage  possessed  by  that  method. 

The  puparia  of  certain  tachinids  must  be  kept  damp,  but  this  is  not 
at  all  necessary  in  the  case  of  all.    Methods  of  packing  and  shipment 
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will  depend  upon  the  characteristics  of  the  particular  species  under 
consideration.  So  far  as  known,  no  tachinid  which  forms  a  free 
puparium  outside  of  its  host  is  injured  by  exposure  to  moisture. 

The  pupal  period  of  the  majority  of  the  tachinid  parasites  of  the 
gipsy  moth  and  the  brown-tail  moth  is  quite  short,  usually  lasting 
less  than  two  weeks.  It  is  therefore  necessary  to  make  use  of  cold 
storage  en  route,  in  order  to  make  certain  that  the  adults  will  not 
hatch  before  arrival.  By  far  the  larger  part  of  the  puparia  which 
have  been  received  at  the  laboratory  have  thus  hatched,  except  when 
they  were  of  species  which  naturally  hibernated  unless  they  w6re 
shipped  in  cold  storage. 

CALOSOMA  AND  OTHER  PREDACEOUS  BEETLES. 

Quite  a  variety  of  the  large  carabid  beetles  has  been  imported  from 
abroad  for  experimentation  as  to  their  serviceability  as  enemies  of 
the  gipsy  moth,  or  for  liberation  in  the  field  after  this  point  had  been 
demonstrated  satisfactorily.  At  first  some  difficulty  was  experi- 
enced in  accomplishing  their  importation  successfully,  but  later  it 
was  found  to  be  a  simple  matter  if  proper  care  was  used  in  packing. 
The  great  majority  of  them  have  come  in  ordinary  safety-match  boxes 
(PI.  X,  fig.  2),  each  box  containing  one  beetle  and  a  wisp  of  sphagnum 
moss.  Usually  one  or  two  caterpillars  or  other  sort  of  succulent 
insect  have  been  included  for  the  purpose  of  lunch  en  route,  but  the 
practice  is  of  rather  doubtful  value  in  the  case  of  those  species  which 
have  been  handled  in  the  largest  numbers  in  the  laboratory.  Should 
the  beetle  not  fancy  the  quality  of  the  sustenance  provided,  or  refuse 
to  eat  for  any  other  reason,  death  and  decomposition  of  the  victim 
may  result  disastrously  and  be  prejudicial  to  the  health  of  the  beetle. 

These  small  match  boxes  have  been  packed  in  larger  wooden  boxes 
and  sent  through  the  ordinary  mails  with  httle  loss  of  Ufe.  Other 
small  wooden  or  paper  boxes  have  similarly  been  used  with  equal 
success. 

Cold  storage  has  occasionally  been  employed  in  a  few  minor  ship- 
ments from  Europe  with  very  good  results.  In  1910  a  large  ship- 
ment of  Uving  beetles  was  received  in  cold  storage  from  Japan  in 
most  excellent  condition. 

QUANTITY  OS  PAKASITE  MATERIAL  IMPOBTED. 

In  Mr.  Kirkland's  first  report  as  superintendent  for  suppressing  the 
gipsy  moth  and  the  brown-tail  moth  in  Massachusetts,  several  pages 
were  devoted  to  a  detailed  account  of  each  shipment  of  parasite 
material  received  from  abroad.  After  the  first  year  no  attempt  to 
continue  this  practice  was  made,  and  if  it  were  now  attempted  to  treat 
each  separate  shipment  with  the  same  attention  to  detail,  several 
hundred  additional  pages  would  be  required. 
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Accordingly,  in  order  that  at  least  a  rough  idea  of  the  quantity  of 
material  handled  at  the  laboratory  may  be  had,  Table  VII,  which, 
without  being  absolutely  accurate,  is  very  approximately  so,  has 
been  prepared  by  Mr.  R.  Wooldridge,  an  assistant  at  the  laboratory. 

Table  VII. — Table  showing  number  of  boxes  received  at  the  laboratory  since  beginning 

of  work. 


Porthetria  dispar  egg  masses boxes. 

Porthetrla  dispar  larvae  and  pupfp do. . . 

Euproctis  chiysorrhoBa  egg  masses do. . . 

Euproctis  chrysorrhcea  webs webs. 

Euproctis  chrysorrhoea  larvae  and  pupjo boxes. 

Apanteles  fnlvipes  and  Apanteles  lacteicolor.  .do. . . 


1905 


131 


1906 


1 

923 

46 

117,259 

313 


1907 


1 

1,539 

87 

55,082 

1,159 


1908 


18 
307 

17 

32,830 

160 

13 


ig09 


32 

8,391 

1 

29,295 

1,167 

21 


1910 


1 

5,956 

0 

29,606 

381 


LOCALITIES  FBOX  WHICH  THE  PABASITE  KATEKIAL  HAS  BSEK 

RECEIVED. 

Mr.  Wooldridge  has.  also  prepared  the  accompanying  map  (fig.  11) 
showing  the  various  localities  from  which  parasite  material  has  been, 
received  each  year  from  1905  to  1910,  inclusive.  It  will  indicate 
the  thoroughness  with  which  the  more  accessible  parts  of  the  world 
have  been  searched  for  parasites  of  these  pests. 

THE  EGG  PABASITE  S  OF  THE  GIPSY  ICOTH. 

Anastatus  bifaBciatus  Fonsc. 

The  first  individuals  of  this  species  (fig.  12,  female)  were  reared 
at  the  laboratory  in  the  spring  of  1908  from  eggs  imported  the  pre- 
vious winter  from  Europe  and  Japan.  The  dissimilar  sexes  were  not 
immediately  recognized  as  of  the  same  species,  and  for  a  few  days 
there  was  some  doubt  as  to  whether  one,  two,  or  four  were  represented 
among  the  few  scattering  specimens  emerging.  The  number  was 
soon  reduced  to  two  through  the  obvious  attraction  between  the 
sexes,  and  soon  after  to  the  one,  when  the  senior  author  had  an 
opportunity  to  examine  and  compare  series  from  European  and 
Japanese  sources. 

Their  issuance  had  been  anticipated  a  long  time  before,  and  a 
quantity  of  gipsy-moth  eggs  had  been  collected  in  the  summer, 
before  embryonic  development  had  progressed  beyond  its  initial 
stages,  and  placed  in  cold  storage.  It  was  thought  possible  that 
some  species  of  parasite  might  be  reared  from  imported  eggs  during 
the  fall  or  winter  which  habitually  and  necessarily  oviposited  in  unde- 
veloped eggs,  and  it  was  hoped  that  those  collected  in  the  summer 
might  be  kept  fresh  enough  to  serve  as  host  material  for  laboratory 
reproduction. 
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As  soon  as  females  of  Anastatus  were  secured,  some  of  these  eggs 
were  removed  from  storage  and  found  to  be  dead,  with  the  contents 
partially  decomposed.  Nevertheless  an  attempt  was  made  to  use 
them,  and  the  parasites  were  given  their  choice  between  them  and 
others  wliich  contained  embryonic  caterpillars. 

A  few  days  after  their  emergence  the  females  began  to  betray  an 
interest  in  both  sorts  of  eggs,  and  were  several  times  observed  in  the 
act  of  oviposition  or  attempted  oviposition.  Apparently  this  was 
successfully  accomplished,  but  without  further  results,  for  no  second 
generation  resulted.  The  experiment  served  one  purpose,  however, 
in  indicating  beyond  reasonable  doubt  that  the  insect  actually  was  a 
parasite  upon  the  eggs  of  the  gipsy  moth,  and  not  upon  any  chance 
form  of  insect  life  accidentally  included.* 


Fig.  12.— a  nastalus  hifcaciatut:  Adult  female.    Greatly  enlarged.    (From  Howard.) 

The  exposure  of  the  imported  eggs  to  warmth  for  the  purpose  of 
hastening  the  emergence  of  any  parasites  which  they  chanced  to  con- 

»  How  great  is  the  likelihood  of  error  when  parasites  are  reared  from  unbroken  egg  masses  has  several 
times  been  demonstrated  in  the  course  of  the  investigations  and  rearing  work  at  the  laboratory.  Upon 
several  occasions  smcUl  Lepidoptera  have  been  reared  from  egg  masses,  and  more  than  once  their  para- 
sitized pupsD  have  been  found.  Eggs  of  other  species  of  insects,  and  occasionally  parasitized  scale  insects, 
have  also  been  found  attached  to  bits  of  bark  to  which  egg  masses  were  attached.  Very  frequently  cocoons 
of  ApanUles  fulvipes  are  found,  wholly  or  partially  covered  by  the  egg  mass,  and  from  them  several  species 
of  hibernating  secondaries  have  been  reared.  There  is  a  record  of  a  minute  eulophid,  allied  to  Entedon, 
having  issued  from  a  small  lot  of  eggs  which  had  been  separated  from  nearly  every  trace  of  foreign  matter. 
It  was  thought  then  and  is  still  believed  that  these  came  from  the  eggs  themselves,  and  that  they  were 
actually  parasitic  upon  either  Anastatus  or  Schedius,  but  when  the  material  from  which  they  issued  was 
examined  two  or  three  cocoons  oi  ApanUles  fulvipes  were  found  mingled  with  it,  and  what  might  (^therwise 
have  been  a  clear  record  was  spoiled. 

There  is  in  Japan  a  limacodid  moth— Porcwa  sinka  Moore  (hilaruUi  Staud),  as  determined  by  Dr.  H.  G. 
Dyar— which  appears  habitually  to  seek  out  the  gipsy-moth  egg  masses  as  a  site  for  pupation.  The  larva 
buries  itself  in  the  mass  before  spinning  its  cocoon,  and  from  outward  appearances  its  presence  is  hardly 
noticeable.  More  than  25  of  these  moths  have  been  reared  under  these  circumstances  from  imported  egg 
masses,  or  their  cocoons  have  been  found  and  destroyed. 
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Vin.  13.  A  nastaliu  tAfa^ 
ciatujt:  I'terine  •©?• 
Greatly  enlarged. 
(Orljfinal.) 


tain  in  the  hope  that  laboratory  reproduction  could  be  secured  was 
soon  recognized  to  be  a  mistake,  and  as  the  Anastatus  continued  to 
emerge  considerably  ahead  of  the  time  when  they  would  obviouj^y 
have  issued  under  more  natural  conditions,  it  was  resolveil  to  remeily 
the  evil,  if  possible,  by  placing  the  parasitized  material  in  cold  stor- 
age. This  experiment  was  successful.  The  further 
transformations  of  the  parasites  were  retarde<l 
without  any  apparent  prejudicial  effects  upon 
their  vitaUty,  and  in  July  some  500  were  reared 
and  colonized  in  the  field. 

Coincidently  '\%ith  the  height  of  their  emergence 
and  subsequent  to  its  close,  a  considorabk^  number  of  a  small  black 
encyrtid,  later  described  by  the  senior  author  as  Tyndarichus  navse, 
issued,  and  all  were  destroyed  on  the  supposition  that  they  might  be 
secondary.  This  was  not  by  any  means  certain,  and  it  was  resolved  to 
investigate  their  habits  thoroughly  so  soon  as  opportunity  should  offer. 

Accordingly,  in  the  full  of  1908, 
following  the  receipt  of  several  con- 
siderable shipments  of  e^^  masses 
from  Japan,  an  exliaustive  investi- 
gation of  the  gipsy-moth  e^g  para- 
sites was  inaugurated.  The^se  in- 
vestigations were  more  intimately 
associated  with  the  work  upon 
Schedius,  and  more  wUl  be  said 
of  them  in  the  discussion  of  that 
species.  So  far  as  Anastatus  was 
concerned,  its  life  and  probable 
habits  stood  revealed  from  the  start.  Almost  in  the  begmning  its 
larvae  were  found  (fig.  14)  and  identified  correctly,  as  was  later 
proved.  They  were  almost  invariably  found  in  eggs  wlucli  had 
been  destroyed  before  embryonic  development  had  taken  place, 
which  showed  conclusively  that  these  eggs  were  attacked  within  a 
very  short  time  after  their  dep- 
osition. It  was  known  that  the 
adults  did  not  issue  untU  after 
the  caterpillars  had  hatched  from 
healthy  eggs  in  the  spring,  and 
the  fact  that  the  species  was 
single  brooded,  with  a  life  cycle 
that  was  correlated  perfectly  Avith 
tliat  of  the  gipsy  moth,  was  as 
certainly  evident  then  as  now,  after  two  years'  observation  of  its 
progress  'm  the  field  has  given  am])le  confirmation. 

The  egg  of  Anastatus  has  not  been  seen  after  deposition,  but  itrf 
appearance  before  is  indicated   by  figure   13.     The  full-fed  larva 


Fio.  li.—AnoMtattu    hifaacitUm:    Hibernating 
larra.    Greatly  enlarged.    (Original.) 


Fig.  \b.—An(Uitatu»  bifasciatus:  Pupa  from  gipsy- 
moth  ejit'-    Cireully  oniarged.    (Original.) 
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removed  from  host  egg  is.  well  represented  by  figure  14,  and  the 
pupa  by  figure  15.  This  latter  is  very  beautifully  colored,  the 
creamy  ground  color  being  set  off  by  darker  abdominal  bands  and 
wing  covers,  and  by  the  delicately  tinted  reddish  eyes.    ^ 

It  was  soon  demonstrated  by  a  careful  study  of  the  European 
eggs  that  no  other  parasite  and  no  secondaries  were  present.  These 
eggs  were  therefore  kept  in  confinement  until  after  the  caterpillars 
had  all  hatched  in  the  spring.  Then  those  which  remained  were 
examined,  and  the  number  which  contained  parasites  carefully  esti- 
mated, and  found  to  be  about  80,000,  nearly  all  of  which  were  con- 
tained in  a  very  large  sliipment  received  during  the  winter  through 
Prof.  Jablonowski,  and  collected  from  various  Hungarian  localities. 

The  Japanese  eggs,  which  contained  numerous  secondary  parasites 
as  well  as  Anastatus,  were  all  carefully  rubbed  clear  of  their  hairy 
covering,  and  those  which  contained  Anastatus  larvae  (PI.  XI,  fig.  2) 
carefully  and  painstakingly  picked  out  by  hand,  one  by  one.  In 
this  manner  enough  to  make  a  total  of  nearly  90,000  of  the  para- 
sites were  secured. 

One  exceedingly  important  characteristic  of  tlie  parasite  was  not 
considered  with  sufficient  attention  at  a  time  when  this  might 
have  been  done.  Several  observations  upon  the  activities  of  the 
females  in  the  summer  of  1908  had  led  the  observer  to  question  their 
ability  to  fly;  but  when  several  of  them  were  placed  upon  a  large 
slieet  of  paper  and  stirred  into  action,  they  disappeared  with  suffi- 
cient celerity  to  banisli  any  doubts  which  may  have  been  entertained. 
In  considering  these  crude  experiments  in  retrospect  and  in  the  light 
of  subsequent  developments,  it  would  appear  that  their  jumping 
abilities  were  rather  underestimated,  because  it  is  now  certain  that 
they  are  either  unwilling  or  else,  hke  the  female  of  their  host,  are 
unable  to  fly. 

A  most  careful  examination  of  egg  masses  in  the  vicinity  of  the 
locahty  where  the  colony  of  about  500  had  been  liberated  the  summer 
before  had  failed  to  discover  the  presence  of  parasitized  eggs.  It  is 
now  known  that  this  was  due  to  the  accident  of  placing  this  colony 
in  a  locahty  where  the  gipsy-mo tli  ^'wilf  disease  proved  later  to  be 
so  destructive  as  to  kill  all  the  pupse  which  were  present  when  the 
first  of  the  parasites  were  hberated,  and  which  it  was  then  thought 
would  produce  motlis  enough  to  deposit  a  sufficiency  of  eggs  for 
attack.  As  a  result  of  this  extreme  percentage  of  pupal  mortality, 
tliere  were  practically  no  eggs  within  a  radius  of  several  hundred 
feet. 

The  cause  of  failure  not  being  apparent,  it  was  guessed  that  it 
might  be  due  to  the  extremely  rapid  rate  of  dispersion  rather  than  to 
the  reverse,  and  to  provide  against  loss  through  too  rapid  dispersion 
at  first,  very  large  colonies  were  decided  upon  as  most  advisable. 
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Plate  XI. 


FiQ  1.-EQQ  OF  Gipsy  Moth,  Containing  Developing 
Caterpillar  of  the  Gipsy  Moth.  Greatly  Enlarged. 
(Original.) 


Fig.  2.— Egg  of  Gipsy  Moth,  Containing  Larva  of 
THE  Parasite  Anastatus  bifasciatus.  Greatly 
Enlarged.   (Original.) 


Fig.  3.— Egg  of  Gipsy  Moth,  Containing  Hibernatsng 
Larva  of  Anastatus  bifasciatus,  Which  in  Turn 
IS  Parasitized  by  Three  Second-Stage  Larv^  of 

SCHEDIUS  KUVAN/E.  GREATLY  ENLARGED.  (ORIGINAL.) 
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Plate  XII. 
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The  90,000  parasitized  eggs  were  divided  into  five  lots  and  placed  in 
the  field  at  the  proper  time  in  localities  where  an  abundance  of  eggs 
was  certain. 

The  parasites  hatched  in  due  course  and  were  found  attacking  the 
eg^  masses  in  a  businesslike  manner  that  was  quite  encouraging, 
but  only  within  a  very  sliort  distance  of  the  center  of  the  colony. 
The  species  thus  spreads  slowly. 


Fw.  16.— Diagram  showing  two  years*  dispersion  ot  Anaatatus  bifasciatus  from  colony  center.  Each 
oonoentric  drde  represents  a  distance  of  50  feet  from  the  smaller  or  larger  circle  next  it.  A  indicates 
parasitism  of  gip6y-moth  egg-mass^  1>y  Anastattu  bifasciatus  and  O  indicates  at>sence  of  parasitism 
by  Anastatus.     The  figures  give  percentages  of  parasitism.    (Original.) 

The  accompanying  diagram  (fig.  16),  which  has  been  prepared  by 
Mr.  Wooldridge  largely  from  the  results  of  his  own  work,  together 
with  Table  VIII,  will  serve  as  well  as  words  to  tell  the  story  of  the 
dispersion  of  this  parasite  in  one  of  the  1909  colonies,  and  results  of 
similar  studies  in  various  other  colonies  are  substantially  the  same. 
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Table  VIII. — Average  percentage  of  parasUism  of  gipsy-moth  egg  mmses  at  different 
distances  from  center  of  colony . 


Distance  from  center. 

Number 
of  egg 
masses 

collected. 

age  of  par- 
asitism. 

29.26  ' 
24.68 
21.75 
14.43 
8.61 
a  59 
3.44 

Number 
of  egg 
masses 

collected. 

Percent- 
age of  par- 
asitism. 

At  center 

20 
66 
78 
80 
60 
100 
85 

350  feet 

50 
70 
60 
70 
70 
70 

0.41 

60  feet 

400  feet 

.18 

100  feet 

450  feet 

.055 

150  feet 

500  feet 

.42 

200  feet 

550  feet 

.00 

250feet 

600  feet 

.00 

300  feet 

When  in  the  fall  of  1909  it  had  become  rather  certain  that  the  rate 
of  dispersion  of  Anastatus  was  only  going  to  be  about  200  feet  per 
year,  plans  for  colonization  along  very  different  lines  in  1910  were 
immediately  put  into  execution.  In  four  of  the  five  colonies  all  of 
the  egg  masses  which  could  be  easily  secured  were  collected  and 
brought  to  the  laboratorv%  where  the  eggs  were  separated  from  their 
hairy  covering.  This  is  best  effected  by  gently  rubbing  them  over 
a  piece  of  cheesecloth  stretched  on  a  frame.  (PI.  XX,  fig.  2.) 
The  hairs  pass  through  and  the  eggs  are  left. 

The  number  of  parasitized  eggs  present  was  then  estimated,  and 
found  to  be  very  close  to  90,000.  In  the  spring,  after  all  of  the  healthy 
eggs  had  hatched,  those  remaining,  including  all  which  were  para- 
sitized, were  divided  into  100  lots,  each  of  which  was  supposed  to  con- 
tain approximately  900  parasite  larvae.  An  equal  number  of  small, 
wire-screen  cages  was  prepared  (PL  XII,  fig.  1),  and  about  the  middle 
of  June,  when  the  male  parasites  began  to  issue,  and  when  it  was 
becoming  possible  to  determine  with  some  degree  of  assurance  just 
where  there  were  Ukely  to  be  large  numbers  of  gipsy-moth  eggs  a 
Uttle  later,  the  work  of  placing  these  cages  in  the  open  was  b^un. 
(See  also  PI.  XII,  fig.  2,  showing  front  and  bottom  of  cage  prepared  for 
use  in  Anastatus  colonization  in  191 1.)  They  were  finally  placed,  each 
in  a  separate  locality,  and  each,  so  far  as  has  been  determined  by  sub- 
sequent investigation,  in  localities  where  the  parasites  had  an  excel- 
lent opportunity  to  work  to  the  best  advantage  as  soon  as  they  issued. 
Not  all  of  these  colonies  have  since  been  visited,  and  probably  some  of 
them  never  will  be  seen  again,  but  all  that  have  been  examined  have 
been  found  in  the  best  of  condition. 

Early  in  the  fall  of  1910  the  dispersion  studies  of  1909  were  repeated, 
with  results  which  have  already  been  indicated  in  Mr.  Wooldridge's 
diagram,  and  the  egg  collections  were  also  repeated  for  the  purpose 
of  securing  material  for  additional  colonization  work  in  1911.  With 
little  difficulty  some  270,000  panisitized  eggs  have  been  secured,  and 
were  it  not  for  the  fact  that  the  proper  care  in  placing  the  number  of 
colonies  thus  provided  for  will  probably  tax  all  available  resources 
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at  the  time  when  they  must  be  placed,  if  placed  to  advantage,  more 
could  easily  be  collected. 

The  rate  of  increase  in  the  field,  as  indicated  by  the  work  which  has 
been  done,  is  not  excessive,  but  probably  amomits  to  something  like 
sixfold  per  year.  The  extreme  limit  of  dispersion  discernible  in  1909 
was  not  quite  half  that  of  the  extreme  for  two  years,  as  indicated  in 
the  diagram.  It  is  possible  that  it  may  become  more  rapid  as  time 
goes  on,  and  it  is  rather  expected  that  a  high  wind,  at  an  opportune 
time,  will  assist  materially  in  the  dispersion  of  the  species.  Should  it 
not,  it  will  require  a  very  long  time  for  it  to  become  generally  estab- 
lished everywhere  through  the  infested  area.  Even  though  there 
were  a  colony  planted  to  each  square  mile,  something  like  16  years 
would  elapse  before  all  of  them  met  and  fused,  unless  the  present  rate 
of  dispersion  were  accelerated. 

It  has  been  pretty  definitely  proved  of  Schedius  that  it  can  only 
attack  the  uppermost  layer  of  eggs  in  each  mass,  and  the  same  is 
equally  well  proved  in  the  case  of  Anastatus.  Since  there  are  two 
layers  of  e^s,  and  usually  three  in  all  but  the  very  smallest  masses,  it 
is  evident  that  the  usefulness  of  Anastatus  is  still  further  reduced 
through  its  physical  limitations.  The  figures  of  percentages  given  in 
the  diagrams  probably  represent  about  the  maximum  which  can  ever 
be  expected.  None  the  less,  this  means  a  distinct  benefit,  and  with 
all  its  faults,  Anastatus  stands  high  in  favor  at  the  present  time. 

In  its  distribution  abroad,  Anastatus  is,  as  might  be  expected,  of 
quit^  local  occurrence.  It  has  been  received  from  about  half  of  the 
localities  represented  by  the  European  importations,  and  in  very 
variable  abundance.  The  nimibers  found  in  five  lots  of  what  was 
estimated  as  1,000  egg  masses  each,  received  from  five  different  locali- 
ties in  Hungary  through  Prof.  Jablonowski  in  the  winter  of  1908-9, 
is  rather  typical  in  this  respect.  As  estimated  through  careful  exam- 
ination and  coimts,  these  numbers  were  as  follows: 


Laboratory 
Number. 

Locality. 

Number  of 
Anastatus. 

3017 

3018 

3019 

3020 

3021 

LIppa  (Temes) 

34,000 

0 

208 

6,099 

39,000 

Bustyhaza  (Maramoros) 

Huszt  (Meyamorosj '. 

Dorgos  (Temes) 

Sistarobecz  (Temes) 

Total '. 

79,307 

• 

In  Japan  it  is  also  unevenly  distributed.  The  most  which  were 
received  from  that  country  were  in  a  lot  of  eggs  from  Fukuoka  Ken, 
received  dimng  the  same  winter  as  those  above  mentioned  from  Hun- 
gary. It  is  not  at  all  common  from  the  vicinity  of  Tokyo,  and  while 
it  is  present  in  nearly  every  lot  of  Japanese  eggs  which  has  been  received, 
in  every  instance  but  one  (the  shipment  above  mentioned)  the  nimiber 
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present  has  not  been  sufficiently  large  to  make  the  rearing  of  the 
parasite  economically  worth  while.  It  is  interesting  and  possibly 
significant  that  there  was  no  Schedins  in  the  one  locality  where  Anas- 
tatus  was  sufficiently  common  to  be  considered  as  a  parasite  of  con- 
sequence, while  in  the  other  localities,  where  Anastatus  was  rare, 
Schedius  abounded.  More  than  one  instance  has  been  observed  in 
which  parasites  having  similar  habits  alternate  but  rarely  or  never 
occur  simultaneously  in  anything  like  equal  abundance  in  one  locality. 
Two  fairiy  consistent  examples  of  this  sort  will  receive  further  men- 
tion later  on,  in  which  the  tachinids  Dexodes  nigripes  and  Compsilura 
condnnata,  and  Tachina  larvarum  and  Tricholyga  grandis  are  respec- 
tively involved. 

Schedius  kuvan^b  How. 

Only  one  species  of  gipsy-moth  egg  parasite  has  been  received  at 
the  laboratory  from  Europe,  but  in  Japan  there  are  two,  and,  so  far 


Fig.  17.— ScAe(2iu«  ll:ut;an«;  Adult  female.    (J! rcatly  enlarged.    (From  Howard.) 

as  may  be  determined  from  their  comparative  abundance  in  the 
material  from  that  country  which  has  been  studied,  Schedius  huvanse 
(fig.  17)  is  the  more  common  and  important  as  a  factor  in  the  control 
of  its  host.  It  resembles  Anastatus  in  its  choice  of  host,  and  in  the 
fact  that  it  is  similarly  limited  through  physical  inabiUty  from  attack- 
ing more  than  a  limited  percentage  of  the  eggs  in  each  mass.  In  every 
other  respect  the  two  species  are  widely  different. 

Anastatus  is  a  true  egg  parasite,  and  rarely  attacks  successfully 
the  eggs  in  which  the  young  caterpillars  have  begun  to  form.  She- 
dius,  on  the  contrary,  is  strictly  speaking  an  internal  parasite  of  the 
unhatched  caterpillar.     Anastatus  passes  through  but  one  genera- 
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tion  annually^  and  its  seasonal  history  is  closely  correlated  with  that 
of  its  host.  Schedius,  on  the  contrary,  will  pass  tlirough  a  generation 
per  month,  so  long  as  the  temperature  is  sufficiently  liigh,  and  its 
seasonal  history  is  in  no  way  correlated  to  that  of  the  gipsy  moth. 
It  appears  not  to  hibernate  in  the  gip^-moth  eggs,  and  it  is  quite 
probable  that  an  alternate  host  is  necessary  to  carry  it  through  the 
summer  months  after  the  gipsy-moth  eggs  have  hatched  in  i\\»  spring, 
and  before  the  moths  begin  depositing  eggs  for  a  new  generation. 

At  the  time  when  the  popular  account  of  the  parasite-introduction 
work  was  prepared  for  publication  through  the  office  of  the  Massa- 
chusetts State  Forester  it  was  considered  to  be  much  the  more 
promising  of  the  egg  parasites,  and  its  history  in  America  was  spoken 
of  as  one  ''of  the  most  satisfactory  episodes  in  the  work  of  parasite 
mtroduction."  The  account  of  the  first  successful  importation  of 
living  specimens  as  given  at  that  time  is  included  in  the  two  follow- 
mg  paragraphs,  which  are  quoted  verbatim. 

Aa  long  ago  as  the  spring  of  1907  a  few  dead  adults  were  secured  in  an  importation 
of  gipey-moth  egg  masses  received  during  the  winter  from  Japan,  but  none  was  living 
on  receipt.  During  the  winter  next  following,  large  importations  were  made,  and 
many  thousands  of  ^gs,  from  which  some  parasite  had  emerged,  were  found,  but  not 
a  single  living  specimen  was  obtained.  It  was  evident  that  it  completed  its  tram*- 
formations  and  issued  in  the  fall,  and  that,  if  it  hibernated  in  the  ^;g8,  it  was  warmed 
to  activity  while  the  packages  were  in  transit  to  America,  and  the  adult  parasites 
either  died  or  escaped  en  route. 

In  the  fall,  winter,  and  spring  of  1908-9  a  large  quantity  of  eggs  of  the  gipsy  moth 
were  received  from  Japan,  the  shipments  beginning  early  in  the  fall  and  continuing 
nntil  nearly  time  for  the  caterpillars  to  hatch  in  the  spring.  The  first,  received  in  Sep- 
tember, contained  hundreds,  possibly  thousands,  of  the  parasites,  which  had  Issued 
from  the  eggs  en  route,  and  all  of  which,  as  usual,  had  died;  not  a  single  living  individ- 
ual was  received.  Specimens  were  referred  to  Dr.  Howard,  who  found  that  they 
represented  an  entirely  new  and  hitherto  undescribed  species,  which  he  named  after 
Prof.  Kuwana,  who  collected  and  sent  the  eggs  from  which  they  had  issued.  A  single 
pair  of  living  specimens  rewarded  the  careful  attention  which  was  lavished  upon  the 
importations  received  later  in  the  fall  and  during  the  winter,  and  it  was  not  until 
April,  1909,  that  a  mated  pair  could  be  secured.  During  that  month  a  total  of  11 
individuals  issued  from  cages  containing  Japanese  eggs  recently  received. 

These  11  individuals  served  as  the  progenitors  of  a  numerous  and 
prolific  race,  but  the  story  of  the  investigations  wliich  were  made 
upon  the  various  shipments  of  egg  masses  received  at  the  laboratory 
from  September,  1908,  to  April,  1909,  which  was  not  touched  upon 
in  an  earlier  account,  is  perhaps  worthy  of  a  place  here. 

LIFE   OP  8CHEDIUS   AND   ITS    RELATIONS   TO    OTHER    EOO   PARASFTES,    PRIMARY   AND 

SECONDARY. 

Mention  has  already  been  made  of  the  rearing  of  a  small  encyrtid 
parasite  from  Japanese  eggs  in  company  with  Anastatus  in  the  sum- 
mer of  1908,  of  the  doubts  which  were  felt  as  to  its  true  character, 

a5677'— Bull.  91—11 12 
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and  of  the  resolve  to  investigate  the  matter  thoroughly  when  the 
opportunity  should  arise.  In  accordance  with  this  resolve  an  inten- 
sive study  of  the  Japanese  importations  was  begun  in  December, 
1908.  A  large  number  of  egg  masses,  which  showed  by  the  exit 
holes  (of  Schedius)  that  they  had  been  freely  attacked  by  some  para- 
site which  had  issued  in  the  fall,  were  selected,  then  "sifted,"  and 
the  eggs  from  each  mass  were  then  carefully  examined  and  sorted 
into  three  lots,  composed,  respectively,  of  the  healthy  eggs,  the  eggs 
from  which  parasites  had  issued,  and  the  eggs  which  were  neither 
one  nor  the  other.  Those  falling  in  this  third  division  were  scrutin- 
ized again  with  still  more  care.  •  Anastatus  was  quickly  recognized, 
in  most  instances,  and  eggs  containing  its  larvae  placed  aside.  In 
the  majority  of  the  remainder  there  was  evidently  no  Ufe,  but  in 
a  considerable  number  minute,  white  larvae  could  more  or  less 
plainly  be  seen,  surrounded  and  more  than  half  concealed  by  the 
remains  of  the  embryonic  caterpillars  which  had  been  destroyed. 
These  eggs  were  isolated  in  small  vials,  in  order  that  there  could  be 
no  question  concerning  the  identity  of  the  particular  host  egg  from 
which  any  particular  parasite  issued. 

Long  before  this  work  was  completed  the  necessity  for  all  the  care 
that  was  being  expended  to  secure  accurate  results  was  made  mani- 
fest by  the  emergence  of  no  less  than  three  species  of  parasites  from 
isolated  or  partially  isolated  eggs.  The  first  of  these  to  appear  was  a 
species  of  Pachyneuron(  determined  by  the  senior  author  as  P.  gifueitr 
^  Ashm.),  and  on  account  of  known  habits  of  other  members  of  the 
genus  was  placed  as  probably  secondary.  Nevertheless  it  was  given 
an  opportunity  to  prove  itself  a  primary  if  it  would,  and  the  speci- 
mens as  they  issued  were  confined  in  vials  with  gipsy-moth  eggs, 
some  of  which  contained  the  healthy  caterpillars,  while  others  har- 
bored the  larvae  of  Anastatus.  The  Pachyneuron  paid  not  the  slightest 
attention  to  either,  but  invariably  died  without  attempting  ovipo- 
sition. 

The  next  species  to  issue  was  Tyndarickus  navse  How.,  and  it  was 
with  considerable  surprise  that  it  was  recognized  as  different  from 
Schedius.  On  account  of  the  strong  superficial  resemblance  between 
the  two  it  had  been  supposed  up  to  that  time  that  they  were  one 
and  the  same. 

The  third  was  Perissopterus  javensis  How.,  of  which  a  single  speci- 
men only  was  reared.  To  date  this  record  is  unique,  and  the  species 
has  previously  been  reared  only  from  scale  insects. 

There  was  other  and  pressing  work  to  be  done  with  the  parasites 
of  the  hibernating  brown-tail  caterpillars,  and  a  realization  of  the 
difficulties  which  were  Ukely  to  attend  the  prosecution  of  the  egg- 
parasite  investigations,  thus  complicated  by  the  discovery  that  five 
and  possibly  more  parasites  were  involved  of  which  only  one  was 
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definitely  proved  to  be  primary,  was  the  prime  argument  which  finally 
resulted  in  the  detachment  of  Mr.  H.  S.  Smith  from  the  cotton  boll 
weevil  investigations  and  his  transfer  to  the  laboratory  staff.  By 
the  time  he  was  prepared  to  undertake  his  new  work  a  large  number 
of  eggs  from  which  Anastatus,  Tyndarichus,  and  Paohyneuron  were 
positively  known  to  have  issued  were  ready  for  dissection  and  studj', 
and  to  these  were  soon  added  a  number  from  which  Schedius  was 
similarly  known  to  have  come,  secured  in  the  maimer  about  to  be 
described. 

The  first  Schedius  which  was  ever  reared  in  a  hving  condition 
issued  from  an  isolated  egg  in  the  laboratory  in  December,  1908.  It 
was  a  male,  and  it  died  before  it  could  be  furnished  with  a  mate. 
The  next  individual  issued  on  January  8  from  an  egg  which  had  been 
isolated  on  December  19.  It  was  a  female,  and  she  was  immediately 
transferred  to  a  large  vial  containing  an  e^  mass  freshly  collected 
from  the  field.  Within  a  few  days  after  being  thus  confined  she  was 
observed  in  the  act  of  oviposition,  and  parthenogenetic  reproduction 
ensued.  Her  progeny  began  to  issue 
February  16,  and  up  to  February  25 
no  less  than  28  males  were  reared. 

The  experiment  was  tried  of  con- 
fining her  with  several  of  her  asexu- 
ally-produced  progeny  in  the  hope 
that  she  might  thus  be  fertilized  and 
produce  females.    The  experiment    ^*°-  ^^--schrdius  kutanx:  Egg.   Greatly  en- 

Vj        .  J      i.  i.u    i.  X-  largcd.    (Original.) 

Old  not  succeed  at  that  time,  appar- 
ently because  she  was  not  able  to  deposit  any  more  eggs.      She 
remained  aUve  until  March  2,  but  was  dead  on  March  6,  after  at 
least  eight  weeks  of  active  Ufe. 

The  eggs  from  which  these  parthenogenetically-produced  males  issued 
were  known  beyond  peradventure  of  a  doubt  to  have  prc^uced  Sche- 
dius, and  never  to  have  contained  any  other  parasite,  and  together 
with  those  from  which  Anastatus,  Tyndarichus,  and  Pachyneuron 
were  known  to  have  issued,  made  complete  the  series  wliich  was  to 
be  dissected. 

The  dissection  work  was  mostly  done  by  Mr.  Smith,  but  he  was 
not  alone  when  it  came  to  puzzling  over  the  problems  in  parasite 
anatomy  and  parasitic  interrelations  which  this  work  produced  in 
abundance.  The  contents  of  the  individual  eggshells  were  scruti- 
nized with  the  utmost  care,  and  slowly  the  various  anatomical 
remains  found  therein  were  associated  with  one  parasite  or  another. 

In  the  course  of  these  studies  it  was  discovered  that  Schedius 
deposits  a  large  egg  (Bg.  18),  which  is  supplied  with  a  very  long 
stalk.  The  egg  is  placed  within  the  body  of  the  unhatched  but 
fully  formed  caterpillar,  with  the  end  of  the  stalk  projecting  outside. 
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Sometimes,  and  apparently  usually,  the  end  of  this  stalk  passed 
through  the  shell  of  the  egg  as  well  as  through  the  body  of  the  cater- 
pillar, as  indicated  in  the  figures  (fig.  19,  PI.  XI,  fig.  3)*.  When  the  egg 
hatches,  the  larva  does  not  entirely  leave  the  shell,  but  remains  with 

its  anal  end  thrust  into  it,'  and  the  stalk, 
which  is  hollow,  becomes  fimctional  and  acts 
like  a  Ufeline  attached  to  a  submarine  diver 
in  supplying  a  connection  with  the  outer  air. 
As  the  larva  grows  the  stalk  increases  in  thick- 
ness, and  the  last  anal  segment  of  the  larva 
becomes  covered  with  a  thick  chitinized  shield, 
which  is  unaffected  by  the  action  of  strong 
caustic  potash.  There  are  two  larval  molts, 
and  consequently  three  larval  stages.  During 
tlie  entire  course  of  both  the  first  and  second 
the  young  parasite  remains  quite  firmly  at- 
tached to  its  anal  shield  and  lifeline  and  the 
cast  skins  are  not  entirely  sloughed  off,  but 
are  merely  pushed  backward.  After  the  third 
ecdysis  it  retains  this  connection  for  awhile, 
and  grows  rapidly,  but  about  the  time  when 
it  reaches  maturity  the  connection  wth  the 
shield  is  broken,  thus  proving  that  it  is  not  part  and  parcel  of  the 
integument.  It  would  appear  rather  that  this  shield,  including  a  tube 
within  the  egg-stalk  (which,  as  stated,  grows  in  thickness  after  the 
egg  itself  hatches),  is  actually  part  of  the  integument 
of  the  first-stage  larva,  and  that  the  second  and  third 
stages  merely  continue  to.use  what  is  in  effect  the  skin 
of  the  first  larval  molt. 

The  host  caterpillar  is  completely  destroyed  except 
for  the  harc]f  r  chitinous  parts,  head,  tarsal  claws,  hooks 
of  the  prolegs,  etc.,  and  the  hair,  which  is  left  in  a  sort 
of  hank,  more  or  less  completely  surrounding  and  con- 
cealing the  parasite  larva.  It  is  impossible  to  distin- 
guish between  the  larvse  of  Schedius  and  those  of  its 
secondaries  from  an  external  examination  of  the  eggs. 

After  the  larva  reaches  its  full  growth  and  casts  off 
its  anal  shield,  it  quickly  pupates  (fig.  20)  and  very 
shortly  thereafter  issues  as  an  adult.      There  is  no  indication  of  a 
desire  to  hibernate  during  any  part  of  the  preliminary  stages,  in 
which  respect  Schedius  differs  from  nearly  every  other  chalcidid  which 
has  been  studied  at  the  laboratory. 


Fio.  19.— Schedius  kuvanm: 
Third-stage  larva  still  retaining 
attachment  to  egg-stalk,  and 
anal  shield.  Greatly  enlarged. 
(Original.) 


Fio.  20.— Sc/W/u* 
kuvanar:  Pupa. 
Greatly  en- 
larged. (Origi- 
nal.) 
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TiQ.  21,— Schedius  kuvanx:  Egg-stalk  and 
anal  shield  of  larva  as  found  in  host 
eggs  of  gipsy  moth  from  which  the  adult 
Schedius  has  emerged,  or  in  which  the 
Schedius  lan^a  has  been  attacked  by  a 
secondary  parasite.  Greatly  enlarged. 
(Original.) 


Schedius  is  to  all  purposes,  if  not  to  all  intents,  a  secondary  para- 
site upon  occasion.  In  the  spring  of  1909  a  generation  was  carried 
through  to  maturity  within  the  larvse 
of  Anastatus,  and  at  that  time  there 
was  no  difficulty  experienced  in  induc- 
ing the  Schedius  females  to  oviposit  in 
such.  In  the  course  of  later  experi- 
ments which  were  designed  to  deter- 
mine whether  there  was  any  preference 
shown  between  the  eggs  containing 
healthy  caterpillars  and  those  with  the 
larvae  of  Anastatus,  only  the  healthy 
eggs  were  selected  for  oviposition  by 
the  parent  females.  What  was  more, 
although  several  later  attempts  were 
made  to  force  Schedius  to  oviposit  in 
eggs  containing  Anastatus  larvae,  none 
but  the  first  was  successful. 

Oftentimes  two  or  more  eggs  are 
deposited  in  one  host.  Numerous  in- 
stances have  been  found  in  which  second-stage  larvae  were  feeding 
peaceably  side  by  side  as  the  result  of  such  superparasitism,  and 
still  more  have  been  observed  in  which  the  former  presence  of  more 

than  one  individual  was  positively  indicated 
by  the  presence  of  more  than  one  egg-stalk 
and  anal  shield,  but  never,  out  of  many 
thousands  of  examples  under  observation, 
has  more  than  one  adult  parasite  issued 
from  one  egg.  What  happens  to  the  su- 
pernumerary individuals  is  not  indicated 
further  than  that  they  disappear,  and  that 
their  substance  goes  to  nourish  the  sole  survivor.  Whether  there 
is  an  actual  struggle  for  supremacy  in  which  victory  comes  to 
the  strongest,  or  whether  the  struggle 
takes  the  form  of  a  contest  to  deter- 
mine which  shall  quickest  consume 
the  available  food  supply,  the  loser 
calmly  surrendering  his  body  to  the 
winner  by  way  of  forfeit,  has  never  fig.  23.-Tyndaricku8  navx:  Larval  man- 
been  revealed,  dibles.    Greatly  enlarged.    (Original.) 

The  story  of  a  triple  tragedy  is  told  in  Plate  XI,  figure  3,  which  is 
drawn  from  a  slide  prepared  by  Mr.  Smith.  It  represents  a  single 
gipsy-moth  egg,  which  had  been  attacked  by  Anastatus  before  the 
embryonic  caterpillar  had  developed  sufficiently  to  leave  perceptible 


Fig.  22.—Sdudiu9  kuranst: 
Larval  mandibles.  Greatly 
enlarged.    (Original.) 
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Fio.  24.— Pachyfuuron  gifu- 
msis:  Egg.  Greatly  en- 
larged.   (Original.) 


remains.  The  Anastatus,  after  consuming  the  entire  contents  of  the 
eggshell  had  reached  the  hibernating  stage,  and  settled  down  to 
some  10  montlis  of  mactivity,  when  it  was 
attacked  by  Schedius.  No  less  than  three 
Schedius  eggs  were  deposited  in  fairly  rapid 
succession  (but  probably  by  different  parents) 
since  the  three  larvae,  the  outlines  of  which 
are  shown,  are  practically  equal  in  size.  All 
are  apparently  about  ready  to  molt  for  the  second  time,  and  after 
this  molt,  if  they  had  been  allowed  to  live,  one  would  most  certainly 
have  gained  the  mastery  and  devoured  the  others. 

But  this  conflict  for  supremacy,  sanguinary  as  it  is,  is  only  the 
beginning  of  what  might  occur  in  the  open  in  Japan.     Tyndarichus 
and  Pachyneuron  are  both  habitually  and  essen- 
tially secondary  parasites,  and  both  prey  not  only 
upon  Schedius,  but  upon  each  other  with  perfect 
impartiality.      Either  might  attack  the  surviving 
Schedius,  and  be  in  turn  the  victim  of  the  other,  fiq.  25.-Pachyneurwi 
and   there   is   no  apparent    reason  why  Schedius     ^d,bi«/  o^tfy 
should  not  return  to  the  fray  and,  by  destroying     enlarged.  (Origi- 
its  own  secondary,  start  the  battle  all  over  again.         ^^'^ 

Such  a  long-drawn-out  contest  is  hardly  likely  to  occur  very 
often,  but  in  many  instances  tales  scarcely  less  sanguinary  have  been 
told  by  the  relics  which  strewed  the  field  of  battle.  Among  these 
rehcs  the  anal  shield  with  egg  stalk  and  the  characteristic  mandibles 
(figs.  21  and  22,  respectively)  have  served  as 
positive  indication  of  the  former  presence  of 
Schedius.  Tyndarichus  is  betrayed  by  its 
mandibles  (fig.  23),  which,  like  those  of  Sched- 
ius, retain  their  characteristic  form  through 
all  three  stages.  The  former  presence  of 
Pachyneuron,  curiously  enough,  is  quite  easily 
recognizable  by  its  characteristic  eggshell  (fig. 
24),  which  is  of  a  substance  which  defies  the  action  of  hot  concen- 
trated caustic  potash  sufficently  prolonged  to  result  in  the  complete 
solution  of  the  gipsy-moth  eggshell.  It  may  also  be  recognized  by 
its  mandibles  (fig.  25),  which  are  rather  small  and  inconspicuous  in 
any  but  the  last  stage.  Anastatus,  when  its  former  presence  can 
be  proved  at  all,  may  be  recognized  by  its  mandibles  also  (fig.  26), 
but  these  are  so  small  as  to  be  very  difficult  to  find,  and  it  is  alto- 
gether probable  that  there  have  been  eggs  dissected  in  which  Anas- 
tatus was  the  original  primary  parasite,  but  of  which  fact  no  proof 
remained. 


Fiq.  26.— ATMstatus  bifas- 
ciatus:  Lar\'al  mandi- 
bles. Groatly  en- 
larged.   (Original.) 
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In  order  that  some  idea  may  be  had  of  the  conditions  which  actually 
prevail  in  the  open  in  Japan,  results  of  the  dissection  of  43  eggs 
from  Japanese  importations  are  given  below.  Many  other  eggs  were 
dissected,  in  some  of  which  the  tale  was  too  complicated  to  be  un- 
raveled, and  it  is,  of  course,  necessary  to  leave  out  of  consideration 
here  the  results  of  those  dissections  which  were  made  before  the 
significance  of  that  which  was  found  was  fully  recognized. 

In  the  formulae  which  follow  the  symbols  are  to  be  read  as  follows: 

X  =  Parasitized  by;  +  =Superparasitized  by. 

Thus  the  conditions  represented  in  the  figure  to  which  attention 
has  already  been  drawn  would  be  expressed : 

Porthetria  dispar  X  Anaetatiis  X  Schedius. 

+  Schedius. 
-f-  Schedius. 

The  host  relations  revealed  by  dissections  of  eggs  from  which  Pachy- 
neuron  emerged  are  similarly  indicated  as  follows : 

Dispar  X  Schedius  X  Pachyneuron  (20  times). 
Dispar  X  Schedius  X  Pachyneuron. 

+  Pachyneuron  (1  time). 
Dispar  X  Schedius. 

-f  Schedius  X  Pachyneuron  (3  times). 
Dispar  X  Schedius. 

+  Schedius. 

+  Schedius. 

+  Schedius. 

+  Schedius  X  Pachyneuron  (1  time). 
Dispar  X  Anastatus  X  Pachyneuron  (1  time). 
Dispar  X  Anastatus. 

-f  Schedius  X  Pachyneuron  1  time). 

Dissections  of  eggs  from  which  Tyndarichus  emerged  resulted  as 
follows: 

Dispar  X  Schedius  X  Tyndarichiis  (11  times). 
Dispar  X  Schediiis. 

+  Schedius  X  Tyndarichus  (2  times). 
Dispar  X  Schedius. 

+  Schedius  X  Tyndarichus. 

+  Tyndarichus  (1  time). 
Dispar  X  Schedius  X  Pachyneuron. 

-h  Tyndarichus  (1  time). 
Dispar  X  Anastatus  X  Tyndarichus  (1  time). 

Mention  has  already  been  made  of  the  parthenogenesis  of  Schecfius, 
and  the  fact  that  only  males  were  produced  in  the  first  attempt  of 
successful  reproduction  experiments  in  which  only  a  single  female 
was  available.  Numerous  subsequent  experiments  have  demon- 
strated beyond  question  that  thelyotoky  is  the  rule  and  that  excep- 
tions are  rare  if  thev  ever  occur. 
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In  the  course  of  the  first  unavoidable  experiment  in  partheno- 
genesis the  attempt  was  made  to  secure  the  fertilization  of  the  female 
through  union  with  her  own  asexually  produced  offspring,  but, 
although  she  lived  after  they  had  completed  their  transformations,  no 
results  were  secured.  It  seemed  to  be  within  the  bounds  of  possi- 
bility that  success  would  follow  if  the  experiment  were  diflferently 
conducted,  and  accordingly  in  the  fall  of  1909  Mr.  Smith  repeated 
it,  with  this  variation,  that  the  females,  after  they  had  deposited  a 
few  eggs,  were  rendered  dormant  by  exposure  to  moderate  cold, 
awaiting  the  issuance  of  their  progeny.  This  time  no  difficulty  was 
experienced.  The  parthenogenetically  produced  males  mated  freely 
with  their  respective  parents,  and  the  subsequent  progeny  in  each 
of  several  instances  consisted  of  both  sexes. 

Females  thus  reared  were  mated  with  their  brothers  (which  were 
at  the  same  time  their-  nephews),  reproduced  with  the  ordinary 
freedom,  and  their  progeny  were  of  both  sexes  in  the  usual  proportions. 
Still  another  generation  showed  no  signs  of  weakness  or  any  sort  of 
abnormality,  and  the  experiment  was  discontinued. 

In  sexual  reproduction  the  males  appear  always  to  be  largely  out- 
numbered by  the  females.  Nothing  like  the  diversity  in  this  respect 
which  has  been  noted  in  the  case  of  other  chalcidids  has  been  observed 
in  the  case  of  Schedius. 

REARING    AND   COLONIZATION. 

When  the  first  individuals  of  Schedius  were  secured  from  the 
imported  Japanese  egg  masses  in  April,  1909,  there  was  no  difficulty 
in  securing  reproduction  upon  gipsy-moth  eggs  collected  in  the  open, 
but  by  the  time  the  second  generation  was  secured  those  which  had 
remained  in  the  open  were  about  to  hatch,  and  would  hatch  almost 
immediately  they  were  brought  indoors.  A  large  quantity  of  eggs 
had  been  placed  in  cold  storage  in  anticipation  of  this,  and  it  was 
found  that  these  would  hatch  nearly  as  quickly  when  they  were 
removed.  Oviposition  at  any  time  within  a  few  hours  of  the  time 
when  the  eggs  would  otherwise  hatcli  was  generally  successful,  but 
when  the  eggs  hatched  within  36  hours  after  b^ing  exposed  to  the 
degree  of  warmth  necessary  to  secure  oviposition  of  the  parasite,  it 
soon  became  evident  that  not  very  much  increase  was  to  be  expected. 
Accordingly,  the  experiment  was  made  of  killing  the  host  eggs  through 
exposure  to  just  enough  heat  to  bring  this  about.  The  parasites  ovi- 
posited in  these  dead  eggs  with  the  same  freedom  that  they  would 
attack  the  living,  and  reproduction  ensued.  The  progeny,  however, 
were  small  and  weak,  and  not  as  prolific  as  those  secured  earlier  in 
the  spring. 

Thus,  in  one  way  and  another  the  species  was  carried  through  the 
summer,  and  with  the  deposition  of  fresh  gipsy-moth  eggs  early  in 
July  much  better  results  were  secured,  and  the  parasites  immediately 
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b^an  to  increase  rapidly  in  numbers  with  each  succeeding  generation. 
Bj  August  there  were  enough  to  make  a  small  colony  in  the  open 
possible  v^ithout  depleting  the  laboratory  stock  to  a  serious  extent, 
and  first  one  and  later  several  small  colonies  were  established  in 
various  localities  in  the  moth-infested  area. 

At  the  same  time  reproduction  work  was  continued  on  an  ever- 
increasing  scale  at  the  laboratory,  and  by  the  first  of  the  next  year 
no  less  than  1,000,000  individuals,  at  a  conservative  estimate,  were 
present  in  our  rearing  cages.  Further  ,  attempts  to  increase  this 
number  wer^  not  successful,  on  account  of  the  difficulties  attending 
the  handling  of  such  an  immense  number  at  a  time  when  the  hatching 
of  the  host  eggs  followed  too  soon  after  their  removal  to  high  tem- 
perature. 

.  The  nunrbers  in  the  laboratory  suffered  no  decrease,  however,  and 
by  the  end  of  March  colonization  work  on  an  extensive  scale  was 
begun.  The  parasitized  eggs  were  divided  into  100  lots,  each  of 
which  contained  approximately  10,000  of  the  parasite,  and  these 
.were  cUstribpted  ta  agents  of  the  State  forester's  office,  wlio  placed 
them  in  the  field  in;  the  hope  and  expectation  that  the  parasites 
issuing  from  them  would  reproduce  immediately  upon  the  gipsy-moth 
eggs  1>efpr-e  the  latter  hatched. 

There  was  also  a  large  quantity  of  parasitized  eggs  remaining,  and 
th^e  were  placed  in  cold  storage  in  the  hope  that  the  emergence  of 
the  brood  might  be  retarded  until  the  fresh  eggs  of  the  gipsy  moth 
should  be  available  for  attack  in  the  latter  part  of  the  summer.  This 
liope  was  not  justified,  because  when  the  time  came  and  the  eggs 
were  taken  from  cold  storage  not  a  single  living  parasite  remained. 

In  Table  IX  are  summarized  the  results  of  the  reproduction  work, 
as  conducted  in  the  laboratory  from  April,  1909,  to  the  winter  of 
1909-10,  and  the  dates  when  the  first  colonies  were  planted  in  the 
late  summer  and  fall  are  therein  indicated. 

Table  IX. — Results  of  reproduction  work  with  Schedius. 


Gener- 
atioiL 

Number  and  source  of  parents. 

Reproduction  work 
begun. 

Emergence  of  prog- 
eny. 

Total 
number  of 
progeny. 

Colo- 

Began. 

Ended. 

nized. 

pRt '  11  from  imported  egg  masses.. 

Second. . .    114  from  first  generation 

Apr.  19 

May   19 
June  23 
July  16 
Aug.  16 
Sept.  11 
Oct.     5 
Oct.   29 

June  14 
July   16 
Aug.  10 
Sept.    7 
Sept.  29 
Oct.   25 
Nov.  15 

114 

645 
1,350 
11,999 
6,286 
12,723 
35.423 
1219,627 

I  1,028,361 

«  284, 779 

liay  19 

June  23 

Fourth. . .    1  ..^«iO  from  third  cnner&tion . .  ^ 

July  16 

10,980 

Fifth... 

1,019  from  fourth  generation. .. 

3,006  from  fifth  generation 

7,355  from  sixth  generation.. . 

29,784  from  seventh  gener- 
ation. 

199,612   from   eighth   gener- 
ation. 

294, 400  from  ninth  generation . 

Aug.  16 

3,280 

Sixth...: 

Sept.  11 

5,368 

Seventh.. 

Sept.  30 

5,639 

Eighth... 

Oct.  25 

20, 115 

Ninth.... 

Nov.  21-Dec.21... 

733,967 

Tenth... 

Jan. 5. 

280,762 

I  Estimated. 


Digitized  by 


Google 


186 


PARASITES   OF   GIPSY  AND   BBOWN-TAIL  MOTHS. 


The  reproduction  of  the  parasite  in  the  field  as  a  result  of  these 
early  attempts  at  colonization  was  far  in  excess  of  expectations. 
The  rate  of  reproduction  in  the  laboratory  (as  indicated  in  the  table) 
was  greatly  exceeded  in  the  open,  and  hundreds  of  thousands  of  eggs 
in  the  immediate  vicinity  of  the  colony  sites  were  known  to  be 
parasitized  when  the  coining  of  cold  weather  put  a  stop  to  insect 
activity.  In  the  one  colony  which  was  most  closely  watched,  the 
parasitized  eggs  averaged  some  30  to  the  mass  (fig.  27),  while  every- 
where within  50  yards  of  the  center  egg  masses  were  so  thick  in  spots 

as  to  liide  the  bark  on  tlie  trees. 
Beyond  the  distance  mentioned  the 
number  per  mass  fell  off  very  rapidly, 
butsome  were  found  several  hundred 
yards  away  from  the  point  of  libera- 
tion, in  striking  contrast  to  the  re- 
sults following  the  colonization  of 
Anastatus. 

In  October  adults  of  what  ap- 
peared to  be  the  second  generation 
were  not  uncommon  in  the  field,  and 
on  any  warm  day  they  could  be 
found,  apparently  ovipositing  for  a 
third  generation.  At  the  same  time 
larvse  and  pupae  were  in  abundance, 
and  only  a  few  days'  exposure  to  the 
warmth  of  the  laboratory  was  needed 
to  bring  them  out  from  eggs  collected 
in  the  field.  Collections  of  eggs  were 
made  from  time  to  time  during  the 
fall,  in  order  that  assurance  might 
thus  be  had  of  the  continued  well- 
being  of  the  parasite,  and  until  De- 
cember nothing  untoward  occurred. 
The  first  real  winter  weather  came 
_  at  the  end  of  that  month,  and  a  few 

Fig.  27  —Gipsy-moth  egg  mass,  showing  exit  holes    j  ,  i    i.       r  i 

otSchediuskuvanx.    Enlarged  about  four  times,   days    later    a    lot    OI   eggS  Was    COl- 

(originai.)  lectcd-and  brought  in.     Not  a  sin- 

gle parasite  issued.  The  experiment  was  repeated  and  with  the 
same  results,  and  although  many  hundreds  of  masses  have  since  been 
collected  (some  of  them  in  the  spring,  after  the  caterpillars  had 
issued  for  the  purpose  of  determining  whether  there  might  not  be 
reproduction  of  hibernated  adults  at  that  time,  and  the  rest  of  tliem 
in  the  fall  to  see  if  by  any  chance  the  parasite  had  escaped  detection 
in  the  spring),  no  trace  of  its  existence  could  be  found.     In  every 
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instance,  so  far  as  the  above-mentioned  colony  was  conceraed,  the 
results  were  the  same,  and  there  seems  to  be  no  doubt  that,  in  tliis 
Darticular  locaUty  at  least,  the  species  has  become  extinct. 

In  the  spring  one  large  colony  of  the  Schedius  was  planted  coinoi- 
dently  with  the  distribution  of  the  100  lots  of  parasitized  eggs  for 
colonization  by  the  State  forester's  agents,  and  for  two  montlis  fol- 
lowing weekly  collections  of  eggs  were  made  with  the  expectation  that 
a  partial  spring  generation  would  follow.  None  of  these  collected 
egg  masses  produced  the  parasite,  and  again  it  failed  to  come  up  to 
that  which  was  expected  of  it. 

In  the  fall,  as  has  already  been  mentioned,  very  large  collections  of 
eggs  made  in  the  vicinity  of  that  wliich  was  considered  to  be  the  best 
and  most  promising  of  the  colonies  of  1909  failed  to  produce  Schedius, 
and  at  the  same  time  numerous  smaller  collections  were  made  in  each 
of  the  other  colonies  of  1909,  as  well  as  in  a  considerable  number  of  the 
spring  colonies  of  1910.  In  only  one  of  the  colonies  of  1909  was  the 
Schedius  recovered,  and  this,  curiously  enough,  from  that  in  which 
every  attempt  had  been  made  to  secure  evidence  of  spring  repro- 
duction. Here  it  was  found  in  one  direction  from  the  center  of  the 
colony  only,  and  over  a  rather  limited  area.  In  the  immediate  vicin- 
ity of  the  colony  site  (within  100  yards)  none  could  be  found. 

The  collections  which  were  made  in  each  of  the  other  colonies  of 
1909  were  followed  by  curiously  similar  results.  The  parasite  was 
recovered  in  one  of  them,  and  in  one  only,  and  although  collections  of 
^gs  were  made  in  all  directions  from  the  center  and  at  varying 
distances,  parasitized  egg  masses  were  only  found  in  a  Umited  area 
to  one  side  and  some  distance  away. 

It  was  pretty  conclusively  demonstrated  that  the  larvro  and 
pupae  of  Schedius  could  not  survive  the  rigor  of  the  winter,  and  it  is 
very  difficult  to  say  whether  the  recovery  of  the  parasite  in  tins 
last-mentioned  instance  is  indicative  of  its  ability  to  survive  the 
winter  as  an  adult.  In  1909  a  quantity  of  the  adults  was  placed  in 
a  small  cage  in  the  open  before  the  beginning  of  severe  weather,  and, 
although  mortaUty  was  heavy,  some  of  them  Uved  for  a  long  time 
after  all  of  the  younger  stages  were  destroyed.  None  of  them  lived 
through  until  spring,  but  there  is  nothing  to  prove  that  they  would 
not  have  done  so  had  they  had  their  choice  of  situations  in  which  to 
hibernate. 

It  may  be  that  females  successfully  hibernated  in  the  instance  of 
this  colony,  which  appears  to  have  lived  throughout  one  year  in  the 
open.  It  may  also  be  that  the  recovery  of  the  species  under  these 
conditions  is  the  result  of  dispersion  of  the  individuals  from  some  of 
the  many  spring  colonies,  several  of  which  were  located  watliin  a  not 
unreasonable  distance  of  this  spot.  It  will  require  another  year  to 
demonstrate  the  truth  of  the  matter. 
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The  recovery  of  Schedius  under  any  conditions  at  all  was  con- 
sidered as  sufficient  to  justify  the  repetition  of  the  rearing  work  of  the 
winter  before,  and  accordingly,  using  a  few  individuals  secured  from 
the  field  early  in  the  fall,  a  series  of  generations  has  been  reared  in  the 
laboratory  until  the  number  now  on  hand  (Jan.  1,  1911)  runs  into  the 
hundreds  of  thousands.  In  the  spring  it  is  planned  to  establish  one 
or  two  exceedingly  large  new  colonies,  sufficiently  far  distant  from 
any  of  the  others  to  make  the  recovery  of  the  parasite  elsewhere  a 
certain  indication  that  it  is  able  to  pass  tlie  winter  in  New  England 
and  thereby  justify  the  labors  wliich  have  been  expended  m  its 
behalf. 

THE  PARASITES  OF  THE   GIPSY-MOTH  CATEBPIIXABS. 

APPARENTLY   UNIMPORTANT   HYMENOPTEROUS   PARASITES. 

It  would  be  presumption  to  state  without  qualification  that  the 
parasites  which  are  here  brought  together  as  unimportant  are  in 
reaUty  that.  It  may  well  be  tliat  among  them  are  some  which  will 
be  of  sufficient  promise  to  make  advisable  the  trouble  and  expense 
incident  to  an  attempt  to  transplant  them  to  America,  and  which  will 
serve  to  fill  in  the  gap  in  the  sequence  wliich  the  apparent  failure  of 
Apanteles  fulvipes  has  left.  To  determine  more  definitely  their 
relative  importance  abroad  is  one  of  the  objects  of  the  work  for  the 
season  of  1911,  as  at  present  planned,  and  somethmg  more  than  is 
known  now  is  certain  to  be  known  a  year  from  now  unless  the  plans 
for  the  season  go  wrong  from  tlie  beginning. 

The  various  species  coining  in  this  category  are  called  unimportant 
because  they  have  never  been  received  in  imported  material  in 
numbers  sufficient  to  make  colonization  in  America  possible,  and  only 
upon  very  rare  occasions  and  in  the  instance  of  a  few  amongst  them 
only,  in  numbers  sufficient  to  indicate  that  they  were  of  any  impor- 
tance whatever  in  effecting  the  control  of  their  host  abroad. 

The  investigations  into  the  parasites  and  parasitism  of  various 
native  insects  more  or  less  similar  in  one  respect  or  another  to  the 
gipsy  moth  have  served  to  throw  considerable  light  upon  the  status 
of  such  parasites  as  these.  It  has  been  shown,  in  the  instance  of 
the  tussock  moth,  that  a  parasite  may  be  entirely  absent  in  localities 
where  the  host  is  abundant,  or  else  very  rare  under  such  circuiristances 
and  yet  be  sufficiently  common  to  effect  an  appreciable  amount  of 
control  in  locahties  where  the  host  is  very  rare.  It  is  thus  possible 
that  some  among  these  species  may  play  a  very  important  r6le  in 
keeping  its  host,  when  already  reduced  to  relatively  small  numbers, 
from  increasing  sufficiently  to  become  of  economic  importance,  and 
that  at  the  same  time  they  may  play  no  part  at  all  in  reducing  that 
insect  from  a  state  of  or  approaching  noxious  abundance  to  within 
its  ordinary  limits. 
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Fig.  2S.—Apant€l€S  aolitarius:  Adult  female  and  cocoon, 
larged.    (Original.) 


En- 


On   the  other  hand,  studies  with  the  parasites  of  native  insects 
have   revealed  the  existence  of  what  may  be  called  accidental  or 
incidental   parasites.     These   may   be   important    parasites   of   one 
insect  and  of  no  importance  whatever  in  connection  with  anotlier, 
nearly  allied.     Sometimes  this  is  due  to  the  fact  that  the  one  species 
of  host  may  excite  in  the  mother  parasite  the  desire  to  oviposit,  which 
is  not  excited  by  the  other,  and  occasionally,  as  has  more  tlian  once 
been  observed,  the  pres- 
ence of  the  favored  host 
in  the  immediate  vicinity 
^'ill  induce  the  parasite 
to    oviposit   in    another 
species    which     under 
otherwise   identical   cir- 
cumstances would  be  en- 
tirely ignored.     At  other 
times  an  insect    may 
be    acceptable    to   the 
mother  parasite,  but  for 
some    reason   unaccept- 
able to  her  progeny,  so  that  only  a  veiy  few  out  of  the  many  eggs 
which  are  deposited  will  go  through  to  maturity,  and  the  species  will 
be  of  necessity  considered  as  rare  and  unimportant. 

The  fact  that  there  are  included  in.  every  list  of  the  parasites  of  a 
given  host  a  few  species  w^hich  are  thus  to  be  considered  as  incidental 
or  accidental  lends  force  to  the  contention  that  among  the  recorded 
parasites  of  the  gipsy  moth  are  several  at  least  w^hich  come  into  the 
same  category.     Just  which  these  ate  is  not  altogether  plain  at  this 

time. 

Apanteles  solitarius  Ratz. 

Cocoons  of  a  solitary  species  of  Apanteles  (fig.  28)  which  attacks 
the  very  young  to  half-grown  caterpillars  of  the  gipsy  moth  through- 
out the  greater  part  if  not  the  whole  of  Europe  have  occasionally  been 
received  in  shipments  in  which  the  caterpillars  w  ere  not  all  in  the  last 
or  next  to  the  last  stage.  In  those  shipments  which  consisted  of  cater- 
pillars in  the  third,  fourth,  and  fifth  stages  at  the  time  of  collection, 
the  cocoons  of  this  species  have  been  the  most  common.  In  no 
instance  has  a  sufficient  number  been  received  to  make  possible  any- 
thing like  a  satisfactory  colony  of  this  species,  and  in  all  scarcely  more 
than  100  have  been  received  since  the  beginning  of  the  work. 

The  parasite  undoubtedly  attacks  the  first-stage  caterpillars  as 
well  as  those  of  the  later  stages  up  to  the  fourth  at  least,  and  per- 
haps the  fifth.  The  host  probably  molts  at  least  once,  subsequent 
to  attack,  and  remains  alive  after  the  emergence  of  the  parasite  larva, 
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clinging  to  and  seeming  to  brood  over  the  cocoon  of  its  mortal  enemy. 
Numerous  experiments  have  been  made  with  other,  similarly  living 
caterpillers  from  which  parasites  have  emerged,  in  an  attempt  to  make 
them  feed,  and  invariably  these  attempts  have  been  unsuccessful. 
Of  all  of  the  gipsy-moth  parasites  in  Europe  of  which  there  is  no 
present  prospect  of  introduction  into  America,  this  species  is  the 
most  promising,  and  yet,  if  dependence  is  placed  upon  the  results  of 
the  rearing  records,  it  is  so  scarce  as  to  be  wholly  inconsequential  as 
a  parasite  of  this  host. 

Meteorus  versicolor  Wesm. 

Very  occasionally  cocoons  of  this  common  brown-tail  moth  parasite 
have  been  found  in  boxes  of  gipsy-moth  caterpillars  received  from 
European  sources,  but  never  in  any  numbers.  Altogether  not  nearly 
so  many  have  been  received  as  of  the  cocoons  of  Apanteles  solitarius. 

It  is  apparently  an  incidental  parasite  of  no  consequence,  and  were 
it  not  an  enemy  of  the  brown-tail  moth  as  well,  it  is  very  improbable 
that  any  attempt  would  be  made  to  introduce  it  into  America. 

As  a  parasite  of  the  brown-tail  moth  it  is  of  considerable  promise, 
and  as  a  brown-tail  moth  parasite  it  has  been  introduced  and  is 
apparently  at  this  time  thoroughly  established  over  a  considerable 
territory.  Upon  several  occasions  it  has  been  reared  from  gipsy  moth 
caterpillars  collected  in  the  field  localities  where  it  was  particularly 
common  as  a  parasite  of  the  brown-tail  moth,  but,  as  in  Europe,  it 
expresses  a  strong  preference  for  the  last-mentioned  host. 

Meteorus  pulchricornis  Wesm. 

Quite  a  number  of  this  species  has  been  reared  from  cocoons  found 
in  the  boxes  of  gipsy-moth  caterpillars  received  from  southern  France, 
and  a  very  few  have  also  been  received  from  Italy.  None  of  the 
Meteorus  which  have  been  reared  from  the  brown-tail  moth  in  any 
part  of  Europe  have  been  anything  else  than  i/.  versicolor ^  so  far  as 
known.  It  is,  of  course,  possible  that  two  species  similar  in  appear- 
ance might  easily  have  been  confused,  and  no  attempt  has  been  made 
to  determine  the  specific  identity  of  every  specimen  which  has  been 
reared  for  liberation. 

There  is  nothing  to  indicate  that  M.  'pulchricornis  is  ever  of  more 
consequence  as  a  parasite  of  the  gipsy  moth  than  is  M.  versicolofj 
and  until  evidence  to  the  contrary  is  forthcoming  it  will  not  be  con- 
sidered as  of  importance  or  promise. 

Meteorus  japonicus  Ashm. 

Specimens  of  this  species  were  secured  from  boxes  of  young  gipsy- 
moth  caterpillars  from  Japan  in  very  small  numbers  in  1908  and  1909, 
but  so  far  as  could  be  determined  it  was  of  no  more  importance  in 
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Fio.  29.—Limnerium  disparix:  Coooon. 
Enlarpod.    (Ori^nal.) 


that  country  than  were  either  of  the  two  species  aheady  mentioned  in 
Europe.  In  the  winter  of  1909-10  a  few  specimens  were  received 
from  Mr.  Kuwana,  together  with  the  statement  that  it  was  common 
as  a  parasite  of  the  gipsy  moth  in  Nagaoka,  but  not  in  Tokyo  in  1908. 
Attempts  to  import  it  in  1910  were  unsuccessful,  and  it  is  witli  the 
hope  of  confirming  its  importance,  at  least  locally,  and  discovering 
some  method  of  transplanting  it  to  America,  should  such  confirmation 
come  about,  that  the  investigations  are 
undertaken  in  Japan  in  the  year  1911. 

LiMNERIUM   DISPARIS   ViER. 

This  interesting  parasite  was  first  re- 
ceived in  June,  1907,  in  a  shipment  of 
small  gipsy-moth  caterpillars  from  Kief, 
Russia.  A  total  of  18  of  its  pecuUar 
cocoons  (fig.  29)  was  received  in  June 
and  July  of  that  year  in  boxes  which  contained  only  a  relatively 
small  number  of  caterpillars  when  sent,  and  its  importance  as  a 
parasite  appeared  to  be  considerable.  It  seemed  probable  that  the 
larvfiB  spinning  them  had  issued  from  caterpillars  in  the  fourth  and 
fifth  stages. 

The  cocoons  usually  approach  more  nearly  the  spherical  than  that 
used  as  the  type  for  the  drawing.     The  walls  are  tliin,  but  so  dense 

as  not  only  to  be  impervious 
to  moisture,  but  to  prevent 
the  drying  of  the  meconial  dis- 
charge for  months. 

None  of  the  cocoons  was 
hatched  on  receipt.  A  single 
male  adult  (fig.  30)  issued  from 
one  of  these  cocoons  in  August. 
No  more  adults  appearing, 
some  of  the  cocoons  were 
opened  from  time  to  time  dur- 
ing the  fall  and  found  to  con- 
tain still  Uving  adults.  Since 
it  is  knowTi  that  several  of  the 
native  species  which  spin  sim- 
ilar cocoons  actually  do  hiber- 
nate as  adults  within  the  cocoon,  it  is  reasonable  to  suppose  that  the 
same  is  true  of  this. 

No  adults  were  reared,  however,  and  their  failure  to  emerge  appears 
to  be  due  to  the  drying  during  the  winter  of  the  semiliquid  meconial 
discharge  which  effectually  glued  the  adults  to  the  sides  of  the  cocoon 
and  prevented  their  further  movement. 


Fio.  30.--LimneTium  disparu:  Adult  male, 
larged.    (Original.) 


Much  en- 
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The  several  native  species  spinning  similar  cocoons  attack  a  variety 
of  hosts,  and  one  of  them,  L,  disiocampsej  is  sometimes  common  and 
quite  effective  as  a  parasite  of  the  host  indicated  by  its  specific  name. 
The  larv»,  after  spinning  the  cocoon  and  before  discharging  their 
meconium,  are  very  active  for  a  period  of  about  24  hours,  convul- 
sively "wriggling  the  body  in  such  a  manner  as  to  make  the  spherical 
cocoon  move  about  in  an  extraordinary  manner.  It  is  altogether 
probable  that  the  gipsy-moth  parasite  has  the  same  characteristic^ 
and  that  the  cocoons  so  spun  in  the  trees  are  quickly  dislodged,  fall 
to  the  ground,  and  become  hidden  beneath  leaves  and  debris. 

Prof.  Kincaid  was  especially  instructed  to  seek  for  evidences  of 
parasitism  by  this  species  in  Russia  on  the  occasion  of  his  trip  to 
that  country  in  1909.  He  did  not  find  it  at  all  abundant,  however, 
and  only  secured  three  or  four  cocoons.  In  1910  the  junior  author 
sought  diUgently  for  these  cocoons  in  the  forest  about  Kharkof, 
where  the  caterpillars  had  been  very  abundant  the  season  before, 
but  he  was  entirely  unsuccessful  and  as  a  result  thoroughly  convinced 
that  it  was  not  an  important  parasite  in  any  of  the  several  forests 
visited.  There  was  no  opportunity  at  Kief  to  make  a  similar  search, 
because  the  caterpillars  had  not  been  suflBciently  abundant  within 
recent  years  in  any  of  the  locaUties  visited  to  make  Ukely  the  discovery 
of  these  cocoons,  even  though  the  species  had  bean  of  importance  as 
an  enemy  of  the  gipsy  moth. 

In  1909  and  again  in  1910  it,  or  another  practically  indistinguish- 
able species,  was  received  in  very  small  numbers  from  Japan,  but  at 
the  same  time  under  circumstances  which  were  in  a  way  as  suggestive 
of  the  possible  importance  of  the  species  as  were  those  under  which 
it  was  first  received  from  Russia,  as  detailed  above.  As  in  the  case 
of  the  Japanese  Meteorus,  it  is  hoped  to  be  able  to  determine  defi- 
initely  whether  it  is  to  be  considered  as  of  more  than  technical  interest 
in  the  connection  in  which  it  is  here  considered. 

LiMNERIUM    (AnILASTUS)   TRICOLORIPES   ViER. 

From  time  to  time  several  specimens  of  Lironerium  cocoons,  all  of 
them  oblong  in  shape,  and  most  of  them  partially  concealed  by  the 
skin  of  the  host  caterpillar,  have  been  received  from  Europe.  In  no 
instance  have  they  been  in  suflSciently  large  numbers  to  make  the 
species  appear  promising  as  a  parasite. 

I^ess  than  a  dozen  specimens  have  been  received,  all  told,  and  were 
it  not  for  the  fact  that  the  remains  of  the  host  accompanied  the 
cocoon,  it  would  not  be  possible  thus  definitely  to  associate  the  para- 
site with  its  host. 
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ApAXTELES   FtJLVIPKS   HaX. 

The  one  among  the  hymenopterous  parasites  attacking  the  cater- 
pillars of  the  gipsy  moth  which  has  ever  been  received  under  circum- 
stances indicative  of  its  unquestioned  importance  as  an  enemy  of 
that  host  is  at  present  knowTi  as  Apanieles  fulvipes  (fig.  31).  The 
name  Glyptapanteles,  as  gencrically  applied  to  it,  has  been  regret- 
fully dropped,  the  more  so  since  tliis  name  has  already  become  famiUar 
to  many  whose  interest  in  parasites  begins  and  ends  with  those  wliich 
are  included  among  the  enemies  of  the  gipsy  and  brown-tail  moths. 
It  was  accepted,  in  the  first  place,  on  account  of  the  immediate  dis- 
tinction which  it  offered  to  Apanteles,  as  appUed  to  A.  solitarius  and 
A,  lacteicolor  Vier., 
and  because  it 
seemed  preferable  to 
make  the  technical 
name  the  conmion 
name  as  well.  Now, 
with  an  enforced 
change  in  the  spe- 
cific name  vaguely 
in  prospect,  it  would 
seem  advisable  to 
adopt  an  arbitrary 
common  name 
rather  than  to  at- 
tempt to  popularize 
the  technical  name, 
and  should  it  again 
become  desirable  to 
write  of  it  in  a  pop- 
ular way,  this  will 
probably  be  done. 

That  a  change  in  its  specific  desigmition  will  l)ccoiiie  necessary  when 
it  shall  have  been  thoroughly  well  stu(li(ul  al)road  soeiiis  probable, 
although  there  is  no  basis  upon  wliich  to  iiuikc  such  a  cluingc  at  tlie 
present  time.  If,  as  European  taxononiists  have  agreed,  it  is  synony- 
mous with  A.  nemorurnj  doscnbed  by  Rat  zebu  rg  as  a  parasite  of 
Lasiocampa  pini  L.  and  is  at  the  same  tinic!  specificully  i<l(Mitical  with 
the  form  so  determined  by  Marshall  as  a  coniinon  species  in  Enghmd, 
there  seems  to  be  no  reason  why  it  should  not  be  introduced  success- 
fully into  Massachusetts.  A  parasite  with  anything  like  the  wide 
range  of  hosts  accredited  to  this  species  abroad  should  find  no  diffi- 
culty in  existing  in  America,  and  if  the  species  w^hich  attacks  the 
95677**— Bull.  01—11 13 


ViG.  dl.—Apanlii(,'(  fuhiiKi^:  A-Iitll.    (Irciilly  I'lilar^ct!.   {From  Howard.} 
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gipsy  moth  is  proved  to  be  identical  with  that  which  goes  under  the 
same  name  and  attacks  one  or  another  of  such  a  variety  of  hosts,  no 
expense  ought  to  be  spared  in  attempting  its  introduction;  always 
provided,  of  course,  that  the  attempts  already  made  prove  not  to  be 
successful. 

The  story  of  these  attempts,  as  told  in  the  popular  bulletin  by  the 
junior  author,  issued  from  the  Massachusetts  State  forester's  office 
in  the  spring  of  1910,  may  well  be  quoted  here,  since  there  is  Uttle 
to  be  added  to  it. 

Although  this  was  almost  the  first  parasite  of  the  gipsy  moth  which  attracted  any 
attention  in  Massachusetts,  and  the  first  which  it  was  attempted  to  import  after  the 

beginning  of  active  work,  it  was  one  of  the  last  to 
be  liberated  under  satisfactory  conditions,  and 
its  establishment  in  America  is  not  yet  certain. 
Extraordinary  methods  were  necessary  to  bring 
it  to  America  living  and  healthy,  and  it  was  not 
until  Prof.  Trevor  Kincaid,  who  was  selected  by 
Dr.  Howard  as  the  best  available  man  for  the 
purpose,  visited  Japan  and  personally  superin- 
tended the  collection  and  shipment  of  the  co- 
coons, that  success  was  achieved.  The  story  of 
Prof.  Kincaid's  experiences  and  of  the  difficulties 
which  he  met  and  overcame  is  interesting.  He 
was  accorded  great  and  material  assistance  by 
the  Japanese  entomologists,  and  the  work  inaugu- 
rated by  him  in  1908  was  continued  with  even 
greater  success  in  1909. 

The  adult  parasite  [fig.  31]  deposits  a  number 
of  eggs  beneath  the  skin  of  the  active  caterpillars, 
and  any  stage,  from  the  first  to  and  possibly  in- 
cluding the  last,  may  be  attacked.  The  larvae, 
hatching  from  the  eggs,  become  full  grown  in 
from  two  to  three  weeks,  and  then  work  their 
way  out  through  the  skin  of  the  still  living  cat- 
erpillar [fig.  32],  within  the  body  of  which  they 
fed.  Each  spins  for  itself  immediately  afterward, 
for  its  better  protection  during  its  later  stagee, 
a  small  white  cocoon.  The  number  of  parasites  nourished  by  a  single  host  varies  in 
accordance  with  its  size.  There  may  be  as  few  as  2  or  3  in  very  small  caterpillars, 
or  100  or  more  in  those  which  are  nearly  full  grown. 

The  unfortunate  victim  of  attack  does  not,  as  a  rule,  die  immediately  after  the 
emergence  of  the  parasite  larvae  and  the  spinning  of  their  cocoons,  but  it  never  volun- 
tarily moves  from  the  spot.  Its  appearance,  both  before  and  after  death,  surrounded 
by  and  seeming  to  brood  over  the  cocoons,  is  peculiar  and  characteristic,  and  once 
seen  can  never  be  mistaken  [fig.  33]. 

There  is  ample  opportunity  for  two  generations  of  the  parasite  annually  upon  the 
caterpillars  of  one  generation  of  the  gipsy  moth.  This  is  the  rule  in  the  countries  to 
which  it  is  native,  and  is  to  be  expected  in  America. 

The  parasite  was  described  from  Europe  more  than  seventy-five  years  ago,  and  has 
been  known  to  be  a  parasite  of  the  gipsy  moth  for  a  long  time.  Later  it  was  described 
under  a  different  name  from  Japan,  and  the  Japanese  parasite  was  for  a  time  consid- 


¥10.32.— ApanUUi  fulvipes:  LarvsB  cav- 
ing gipsy-moth  caterpillar.  Enlarged. 
(Original.) 
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ered  to  be  different  from  the  European.  Absolutely  no  differences  in  life  and  habit 
irhich  can  serve  to  separate  the  two  are  known,  and,  as  the  adults  are  also  indistin- 
guishable in  appearance,  they  are  considered  to  be  identical. 

It  has  been  the  subject  of  frequent  mention  under  the  name  of  Apanteles,  as  well  as 
of  Glyptapanteles,  in  the  various  reports  of  the  superintendent  of  moth  work,  from 
the  first  to  the  fourth;  and  Dr.  Howard,  in  the  account  of  his  first  trip  to  Europe  in  the 
interests  of  parasite  introduction,  tells  of  its  occurrence  in  the  suburl)s  of  Vienna. 
JjBLtgely  on  accoimt  of  the  fact  that  it  is  much  more  conspicuous  than  many  of  the  other 
parasites,  it  has  attracted  more  general  attention.  The  Rev.  H.  A.  Loomis,  a  mis- 
sionary, and  resident  of  Yokohama,  was  the  first  to  call  attention  to  its  importance  in 
Japan,  and  made  several  unsuccessful  attempts  to  send  it  to  America.  Dr.  G.  P. 
Clinton,  mycologist  of  the  Connecticut  Agricultural  Experiment  Statitm,  who  visited 
Japan  in  1909,  observed   the   parasite   at  ^ 

work,  and  reported  most  favorably  upon 
its  efficiency  as  a  check  to  the  moth.  Nu- 
merous other  attempts  on  the  part  of  Euro- 
pean and  Japanese  entomologists,  including 
one  elaborate  experiment  which  involved 
the  shipment  of  a  large  wire-screened  cage 
containing  a  living  tree  with  gipsy  caterpil- 
lars and  the  parasite,  were  made,  but  with 
uniformly  ill  success.  Upon  every  occasion 
the  parasites  all  emerged  from  their  cocoons 
and  died  en  route. 

When  every  other  means  failed.  Prof. 
Kincaid,  as  already  stated,  was  deputed  to 
visit  Japan,  and  to  make  all  necessary  ar- 
rangements for  the  transportation  of  the 
parasite  cocoons  in  cold  storage  to  America. 
The  arrangements  which*  he  perfected  pro- 
vided for  continuous  cold  storage,  not  only 
en  route  across  the  Pacific,  but  during 
practically  every  moment  from  the  time 
the  cocoons  were  collected  in  the  field  in 
Japan  until  they  were  received  at  the 
laboratory  in  Melrose.  Events  justified  the 
adoption  of  every  precaution,  and,  with  all 
the  care,  only  a  small  part  of  the  very  large 
quantity  of  cocoons  which  he  collected 
reached  their  destination  in  good  condition. 
Hundreds  of  thousands  were  collected  and 
shipped,  and  less  than  50,000  were  received 
alive — ^nearly  all  in  one  shipment  in  July. 

The  season  in  Massachusetts  was  early, 
and  nearly  all  of  the  gipsy  caterpillars  had 
pupated  by  that  time,  so  that  there  was  no  opportunity  for  the  parasite  to  increase  in 
the  field-upon  this  host  that  season.  In  1909  the  sites  of  the  colonies  were  fre(iuently 
visited,  but  not  a  single  parasitized  caterpillar  was  found  which  could  be  traced  io 
colonizations  of  the  year  before.  Keen  disappointment  was  at  first  felt,  but  later 
developments  have  tended  to  throw  a  more  encouraging  light  upon  the  situation. 

In  1909  importations  were  continued,  through  th^  magnificent  efforts  of  Prof.  S.  I. 
Kuwana,  of  the  Imperial  Agricultural  Experiment  Station  at  Tokio,  with  much  more 
sfttififactory  results.     In  1908  the  season  in  Japan  was  very  late,  and  it  was  not  practi- 


Fio.  33.— Apanteles  fulvipes:  Cocoons  surround- 
ing dead  ^psy-moth  caterpillar.  Slightly  en- 
larged.   (Original.) 
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cable  t » send  any  of  the  coctx>n8  of  the  parasite  until  June  and  July;  while  in  America 
the  season  was  early,  and  by  that  time  all  of  the  caterpillars,  as  has  already  been  stated, 
had  pupated.  In  1909  the  season  was  rather  early  in  Japan  and  correspondingly  late 
in  America;  and,  besides,  thn)ugh  special  effort,  Prof.  Kuwana  was  enabled  to  send  a 
few  thousands  of  the  cocoons  of  the  first  generation,  which  reached  the  laboratory 
early  in  June.  About  1,000  adults  emerged  from  these  cocoons  after  receipt,  and  the 
most  of  them  were  placed  in  one  colony  in  a  a)ld  situation  on  the  North  Shore,  where 
the  caterpillars  were  greatly  retarded,  and  where  there  were  still  some  in  the  first 
stage.  The  remainder  were  colonized  in  warmer  localities,  where  the  caterpillars 
were  one  stage  farther  advanced. 

Immediate  success  followed  the  planting  of  these  colonies.  Within  three  weeks 
cocoons  were  found  in  each,  and  the  number  of  parasitized  caterpillars  was  gratify- 
ingly  large.  A  very  careful  investigation  was  conducted,  to  determine  the  proportion 
which  was  attacked  by  native  secondary  parasites;  and,  while  this  was  so  large  in  one 
instance  as  seriously  to  jeopardize  the  success  of  the  experiment,  it  was  not  so  large  in 
the  others. 

There  were  several  thousands  of  this  first  generation  known  to  have  developed  in 
the  open  upon  American  soil,  which  issued  from  the  cocoons  some  four  or  five  weeks 
after  the  colonies  were  established,  but  in  only  that  one  on  the  North  Shore,  where  the 
caterpillars  were  in  the  first  and  second  stages  when  the  parasites  were  liberated,  was 
there  a  full  second  generation.  Here  the  larger  caterpillars  were  again  attacked,  and 
an  abundant  second  generation  of  the  parasite  followed. 

Meanwhile,  additional  shipments  of  cocoons  of  the  second  Japanese  generation  were 
received  early  enough  to  permit  of  a  generation  in  the  open  upon  the  native  cater- 
pillars, and  several  other  colonies  were  successfully  established.  It  is  known  that 
there  were  many  thousands  of  the  parasite  issuing  in  at  least  five  different  localities 
during  August,  but  immediately  thereafter  they  were  completely  lost  to  sight,  and 
it  is  futile  to  hope  to  recover  traces  of  them  before  another  spring. 

Until  the  late  summer  of  1909  nothing  occurred  to  indicate  that  this  parasite  would 
be  likely  t^)  fly  for  any  great  distance  from  the  point  of  its  liberation;  and,  as  has  V>een 
already  stated,  it  was  looked  for  in  vain  in  the  summer  of  1909  in  the  immediate  vicin- 
ity of  the  colonies  of  the  year  l)efore.  In  July,  1909,  a  strong  colony  was  planted  in  an 
isolated  woodland  colony  of  gipsy  moths  in  the  town  of  Milton.  It  was  rather  confi- 
dently expected  that  it  would  attack  these  caterpillars  so  extensively  as  to  destroy 
the  major  portion;  but  it  was  the  cause  of  some  surprise,  when  the  locality  was  visited 
after  the  parasites  of  the  new  generation  had  mostly  issued  from  the  affected  cater- 
pillars, to  find  a  smaller  number  of  cocoons  than  there  were  individuals  liberated  in 
the  first  place,  and  only  a])out  one-fourth,  i)erhaps  less,  of  the  caterpillars  attacked. 
The  circumstance  was  as  discouraging  as  anything  which  had  gone  before,  and  for  a 
few  days  nothing  happened  to  change  its  complexion.  Then,  to  the  intense  surprise 
of  the  writer,  Mr.  Charles  W.  Minott,  field  agent  of  the  central  division,  sent  to  the 
laboratory  a  bona  fide  example  of  the  parasite,  which  had  been  collected  in  the  Blue 
Hills  reservaticm,  upwards  of  a  mile  away.  There  was  no  possible  source  except  the 
Milton  colony,  and  a  spread  of  upwards  of  a  mile  in  something  under  a  week  was  indi- 
cated beyond  dispute.  At  almost  the  same  time  the  brood  of  Monodontomerus  was 
found  for  the  first  time  in  pupae  of  the  gipsy  moth  in  the  field;  and  when  the  history  of 
this  species  is  considered,  in  the  connection  which  it  bears  toward  the  circumstances 
surrounding  the  recovery  of  the  Glyptapanteles  so  far  from  the  point  where  it  was 
liberated,  the  whole  situation  is  altered. 

Granted  that  the  parasite  disperses  at  the  rate  of  one  mile  in  each  week  of  activit}', 
and  that  it  is  able  to  adapt  its  life  and  habits  to  the  climate  and  conditions  in  America, 
the  chances  are,  that,  instead  of  looking  for  it  in  the  immediate  vicinity  of  the  points 
of  colonization,  it  is  quite  as  likely  to  be  found  almost  anywhere  in  the  infested  area 
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within  25  miles  of  Boston.  If  it  is  thus  generally  distributed,  very  large  numl>er8  in 
the  aggr^ate  may  exist,  and  it  may  increase  at  a  rate  as  rapid  as  that  of  Monodonto- 
merus,  and  at  the  same  time  escape  detection  until  the  summer  of  1911  or  1912.* 

There  is  not  very  much  to  add  to  the  account  ^ven  above,  further 
than  the  statement  that  all  attempts  to  recover  the  species  in  the 
field  in  1910  from  the  vicinity  of  colonies  of  the  year  before  failed.  It 
hardly  seems  likely  that  so  conspicuous  an  object  as  the  cocoon 
mass  of  this  parasite  should  escape  the  notice  of  the  many  field 
men  who  are  familiar  with  its  appearance,  and  who  know  of  the 
great  interest  and  importance  which  would  attach  to  its  discovery. 
In  consequence  the  failure  to  recover  the  species  is  of  more  signifi- 
cance than  the  failure  in  the  instance  of  any  other  parasite  which 
could  be  mentioned. 

At  the  same  time  all  hope  has  not  been  given  up,  especially  in 
consideration  of  the  curious  circumstances  which  will  shortly  be 
described,  surrounding  the  recovery  of  Pteromalus  egregiua  as  a  para- 
site of  the  brown-tail  moth.  If,  as  can  no  longer  be  doubted,  a  minute 
and  to  all  appearances  an  inactive  insect  Uke  Pteromalus  has  dis- 
persed over  a  territory  of  approximately  10,000  square  miles  within 
five  years  as  the  extreme  limit,  and  if  during  that  period  it  remained 
so  rare  as  to  defy  all  of  our  efforts  to  recover  it,  it  is  not  impossible 
that  Apantdes  fvlvipes  will  do  the  same.  Should  this  come  about, 
the  year  1911  or  1912  would  probably  witne^ss  its  sudden  and  simulta- 
neous appearance  throughout  the  greater  part  of  the  territory  infested 
by  the  gipsy  moth. 

It  must  be  confessed,  however,  that  hope  rather  than  faith  has 
dictated  these  last  lines.  It  is  believed,  and  not  without  some  foun- 
dation, that  the  failure  of  Apanteles  fulvipes  to  exist  here  is  due  to  the 
absence  of  an  absolutely  necessary  alternate  host,  and  that  further 
attempts  to  introduce  it  will  be  unavailing.  That  is  the  reason  why 
the  most  will  be  made  of  every  opportunity  to  determine  the  truth 
or  fallacy  of  the  European  records  which  accredit  it  with  attacking  a 
variety  of  insects  representing  half  a  dozen  families,  and  two  or  three 
times  that  number  of  genera,  many  of  which  are  represented  by 
closely  allied  and  sometimes  by  the  same  species  in  America.  If 
investigations  uphold  the  truth  of  these  records,  no  expense  ought  to 
be  spared  in  further  attempts  to  establish  the  parasite  in  America, 
because  of  all  those  which  attack  the  gipsy  moth  it  is  the  one  which 
was  not  only  the  most  promising  at  the  beginning,  but  which  remains 
the  most  desired  at  the  present  time. 

>  The  occurrence  of  the  cocoons  in  the  near  vicinity  of  the  colony  sites  immediately  following  the  libera- 
tion is  most  natural,  and  in  perfect  harmony  with  the  wide  disi)ersion.  The  female  parasites  as  soon  as 
they  emerge  are  ready  to  deposit  a  small  part  of  the  eggs  which  they  will  eventually  deposit  if  they  Ihre  and 
hare  opportunity.  After  the  deposition  of  this  part,  it  is  necessary  for  them  to  wait  an  appreciable  time 
bBkn  they  are  ready  to  deposit  any  more. 
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In  1910  additional  importations  were  made  from  Japan,  and  a  large 
number  of  healthy  adults  was  liberated  sufficiently  early  in  the  season 
to  allow  for  one  generation  upon  the  gipsy  moth. .  As  in  1909,  cocoon 
masses  were  found  in  the  vicinity  of  these  colonies  about  three  weeks 
after  their  estabUshment. 

An  attempt  will  be  made  in  1911  to  import  enough  cocoons  from 
Russia  to  make  possible  a  strong  colony  of  the  European  race.  It  is 
possible  that  it  would  succeed  here  when  the  Japanese  would  fail, 
and  on  the  chance  the  experiment  is  undertaken. 

SFXONDARY   PARASITES   ATTACKING  APANTELES   FULVIPE8. 

It  is  safe  to  say  that  a  better  opportunity  for  an  intensive  study  of 
the  parasites  of  any  one  host  which  was  itself  a  parasite  has  never  been 
afTorded  than  has  come  about  at  the  laboratory  in  the  case  of  the 
parasites  of  Apanteles  fulvipes. 

Huntlreds  of  thousands  of  the  cocoons  of  the  primary  parasite  were 
collected  in  Japan  after  they  had  been  exposed  to  attack  by  the  sec- 
ondaries, and,  so  far  as  can  be  judged,  the  latter  stood  the  ordeal  of 
the  journey  to  America  better  than  did  the  primary.  Even  m  those 
shipments  which  were  just  a  few  days  too  long  en  route  and  in  which 
the  Ai)anteles  themselves  had  all  issued  and  died  before  their  receipt 
the  secondaries  had  hardly  begun  to  issue.  These,  as  well  as  the 
numerous  shipments  wliich  were  received  in  better  condition,  in  so  far 
as  Ai)anteles  was  concerned,  have  produced  many  thousands  of  sec- 
ondary parasites,  wliich  have  all  been  carefully  preserved,  but  not,  as 
yet,  carefully  studied.  It  is  not  even  known  how  many  species  are 
represented  in  the  assortment,  which  includes  a  considerable  number 
of  undescribed  forms,  but  apparently  there  are  at  least  30,  and  prob- 
ably more,  from  Japan  alone.  Some  are  very  rare,  and  are  repre- 
sented by  but  a  few  individuals  among  the  thousands  which  have  been 
reared.  Otliers  are  conmion  at  times,  and  rare  or  absent  at  others. 
Some  few  are  generally  common,  and  practicall}'^  always  present. 

The  considerable  shipments  of  cocoons  which  were  collected  in 
Russia  by  Prof.  Kincaid  and  forwarded  to  the  laboratory  in  1909 
were  invaiiably  so  long  en  route  as  to  permit  the  Apanteles  to  issue 
and  die^  biit^  as  in  the  case  of  the  Japanese  shipments,  the  secondary 
parasites  did  not  suffer.  Not  nearly  so  much  material  of  this  sort 
has  been  received  from  European  sources,  and  probably  on  that 
account  alone  the  variety  of  secondary  parasites  reared  has  not  been 
so  large.  Nevertheless,  more  than  20  species  have  been  recog- 
nized and  probably  at  least  25  have  been  reared  in  varying  abund- 
ance. 

A  good  many  of  these  secondary  parasites  have  a  very  close  resem- 
blance to  those  which  have  been  reared  from  the  Japanese  material. 
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In  some  instances  they  appear  to  be  identical.  In  others  it  may  be 
possible  to  find  minor  structural  characters  which,  together  with  the 
difference  in  their  habitat,  will  make  it  worth  while  to  designate  them 
by  different  names.  Some  very  distinct  species  are  pecuUar  to 
Europe  or  to  Japan,  and  remain  unrepresented  by  any  nearly  resem- 
bling them  in  the  other  country. 

In  1909,  as  the  immediate  result  of  colonization  work  carried  out 
under  the  happy  auspices  already  described,  it  was  possible  to 
collect  large  numbers  of  Apanteles  fulvipes  cocoons  under  perfectly 
natural  conditions  in  the  open  in  America.  This  was  accordingly 
done,  with  the  result  that  no  less  than  18  additional  hyperparasites 
were  added  to  the  Ust  of  those  which  attacked  this  host.  Some  of 
these  were  rare,  others  very  common  in  this  connection.  A  few 
app)ear  to  be  undescribed. 

The  most  interesting  thing  about  them   taken  as  a  group,  is  the 
general  resemblance  which  they  bear  to  the  similar  groups  of  Euro- 
pean and  Japanese  parasitic  Hymenop- 
tera  having  identical  habits.     Appa-  ^^ 

rently  there  are  about  as  many  points  B^^ 

in  common  between  the  American  para-  W^hi'  "^ 

sites  of  Apanteles  fulvipes  and  the  Japa-  J^jtjnfi 

nese  or  the  European  as  there  are  be-  ^^rll^^lmmi^' 

tween  the  European  and  the  Japanese.  ^Ql^  W  Im  B8f  — -<> 

In  the  course  of  the  work  a  total  of       J^BBKlimm^^mk^'^^^ 
5,456  cocoons  of  Apanteles  fulvipes  was     W  f^^M  K' Jpflli^^B 
collected  from  several  of  the  recently     ^^^^J^^fmS^uKj^K 
established    colonies,  but    principally        '  ^^     /    ^     /,     ^^^^^ 
from  two,  representing  the  first  among    Tio.zi.-Apanteus fuivipes:  cocoonsfrom 

those   planted   in    1909  and  in  both   of        ^*^^^    Apanteles  and  its  secondaries 
,    ,    *^  J  .  ,  have  issued,  as  follows:  a,  ilpan/W«»/tti- 

w^hicn  a  second  generation  occurred.  vipes;  b,jiyi>opieTom&\us;  c,  HemUeUs 
Of  this  total,  1,531,  or  28  per  cent,  had  ^p  '  J'  ^q^^^^'  ''  ^'«»^*^-  ^- 
produced  the  Apanteles  at  the  time  of 

collection;  2,373,  or  44  per  cent,  were  attacked  by  secondaries  (fig. 
34) ;  634,  or  12  per  cent,  were  destroyed  by  various  predatory  insects, 
ants,  etc.;  and  918,  or  17  per  cent,  remained  unhatched  in  October, 
1909.  Among  the  unhatched  cocoons  was  a  considerable  proportion 
-which  contained  the  hibernating  larvae  of  Asecodes,  Elasmus,  and 
Dirmnockia.  In  more  than  one  instance,  too,  hatching  was  prevented 
by  superparasitism,  and  in  others  death  probably  resulted  through 
the  attack  of  predatory  bugs.  On  at  least  one  occasion  Podisus  sp. 
w^as  found  with  its  proboscis  thrust  through  the  wall  of  the  cocoon 
and  feeding  upon  the  parasite  larva  or  pupa  mthin. 

An  idea  of  the  variety  of  secondary  parasites  reared  is  conveyed 
by  the  tabulated  Ust  following. 
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List  of  secondary  parasites  reared  from  American  cocoons  o/ApanUles  in  the  order  of  relative 

abundance. 

[In  this  list  the  number  of  indlTiduals  of  Apanteles  killed,  not  the  gross  number  of  the  secondaries  reared, 
is  given.  In  case  of  tie,  the  species  which  was  relatively  the  more  Important  in  the  particular  lot  or  lots 
from  which  it  was  reared  is  given  preference.] 


Hypopteromalufl 1, 276 

Dibrachys 583 

Asecodee *  161 

Hemiteles  No.  60 ^  bS 


Hemiteles  No.  61. 
Hemiteles  No.  75 

Pezomachus 

Eulophid 

Hemiteles  No.  62. 


52 
M9 
64 
71 
18 


Pezomachus  No.  65. 
Pteromalid  No.  68  . . 
Hemiteles  No.  63... 
Pteromalid  No.  70.. 

Eupelmus 

Hemiteles  No.  66 

Anastatus 


15 
6 
5 
2 

2 
2 

1 


Total 2,288 


Local  conditions  as  affecting  the  control  of  this  parasite  through  hyperparasites 
were  well  represented  in  1909  by  a  comparison  between  the  relative  abimdance  of  sec- 
ondary parasites  in  cocoons  from  two  colonies,  the  **  Reading-Wilmington,"  and  the 
** West  Manchester,"  which  were  planted  at  about  the  same  time.  In  both  repro- 
duction was  abundant,  and  a  large  number  of  cocoons  waa  collected  from  each.  Only 
those  which  were  left  in  the  field  until  all  of  the  Apanteles  which  remained  healthy 
had  issued  are  counted  in  the  following: 


Reading-Wilming- 
ton colony. 

West  Manchester 
colony. 

Cocoons. 

Per  cent. 

Cocoons. 

Percent. 

Apanteles 

70 

624 

8 

218 

8 
68 

1 
23 

543 
162 
22 

89 

66.5 

Hyperparasites 

20 

Predators 

TTnhfttched  Oct.  20, . .  _                     

2.5 
11 

Total 

920 

816 

The  West  Manchester  colony  was  located  in  rather  dense  forest,  with  a  swamp^ 
partly  overgrown  with  brush  and  partly  with  thick  forest  on  one  side.  The  trees 
were  large,  and  cocoon  masses  were  frequently  far  beyond  reach.  Only  those  which 
could  be  reached  from  the  ground  were  collected.  There  were  more  cocoons  in  this 
colony  than  in  the  other,  but  they  were  not  quite  so  easily  collected.  It  is  of  course 
possible  that  the  larger  number  of  cocoons  explains  in  part  the  smaller  percentage  of 
hyperparasi  tism . 

The  increase  in  hyperparasitism  in  the  cocoons  of  the  second  generation  over  the 
first  can  only  be  demonstrated  in  the  case  of  the  West  Manchester  colony,  which  was 
the  only  one  where  there  was  a  second  generation  in  sufficient  abundance  to  permit 
of  adequate  field  collections.  In  this  it  is  or  appears  to  be  very  striking,  when 
the  fact  is  taken  into  consideration  that  a  considerable  number  of  parasites  hibernated 
in  the  cocoons  of  the  second,  while  none  were  found  in  those  of  the  first  which  failed 
to  hatch  after  the  1st  of  September. 

I  Many  Asecodes  remaining  unbatched  within  the  cocoons  will  doubtless  attempt  to  hibernate. 
>  Ilemiteles  No.  00  and  Hemiteles  No.  75  may  possibly  be  one  and  the  same  species.    It  is  possible,  too, 
that  further  study  will  cause  a  change  in  the  relative  position  of  the  two  species. 
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Two  lots  of  each  generation  were  collected  after  the  healthy  parasitefi  had  iflsued, 
and  the  results  follow: 


First  generation. 

Second  eeneration. 

Cocoons. 

Percent. 

Cocoons. 

Per  cent. 

Glypt4ipAnt<^tps  .....                       - 

543 
162 
22 

89 

66.5 
20 
2.5 
11 

686 

1,207 

102 

2,4H 

26 

50 

PnraBtors         

4 

Unhatched 

>20 

Total 

816 

100 

100 

>  Oct.  20. 


Other  collections  of  cocoons  from  colonies  where  the  Apanteles  was  liberated  too 
late  in  the  season  to  permit  of  two  generations  showed  a  high  rate  of  hyperparasitism 
in  the  single  generation,  actually  the  first  but  corresponding  to  the  second.  Com- 
parison in  this  instance  is  valueless,  as  local  conditions  enter  in  which  can  not  be 
gauged. 

This  rather  lengthy  summary  of  a  study  in  hyperparasitism  has 
been  prepared  and  is  here  presented  with  the  object  of  illustrating 
the  somewhat  modified  stand  which  it  has  been  necessary  to  take 
concerning  the  subject  in  its  relation  to  the  project  of  parasite  intro- 
duction. Were  it  within  the  bounds  of  possibihty  to  introduce  into 
America  the  parasites  of  the  gipsy  moth  {Apanteles  fulvipes,  for 
example)  without  introducing  the  secondary  parasites  which  preyed 
upon  them  abroad,  it  would  unquestionably  be  possible  to  secure  a 
greater  meed  of  efficiency  in  America  than  that  which  the  same  para- 
sites were  capable  of  attaining  in  their  native  countries.  This  is  on 
the  supposition  that  the  parasites  themselves  are  no  more  likely  to  be 
attacked  by  the  American  hyperparasites  than  their  hosts  are  Ukely 
to  be  attacked  by  the  American  primary  parasites. 

That  the  assumptions  are  fallacious,  to  a  certain  extent,  is  well 
proved  by  the  results  following  the  temporary  establislmient  here  of 
Apanteles  fulvipes,  as  recounted  above,  and  that  the  same  results 
as  those  which  followed  the  exposure  of  tliis  parasite  to  American 
hyperparasites  will  result  in  the  instance  of  others  among  the  im- 
ported parasites  is  more  than  likely.  In  the  case  of  Compsilura 
concinncUa  and  Apanteles  lacteicolor  Vier.  it  is  proved. 

The  truth  of  the  matter  is  that  the  secondary  parasites  are  very 
far  from  being  as  closely  restricted  to  one  or  two  species  of  hosts  as 
are  the  primary  parasites.  This  is  in  part  due  to  the  fact  that  they 
represent  for  the  most  part  a  much  more  degraded  form  of  para- 
sitism. Species  like  Dibra^ys  houcheanus,  which  is  perhaps  as 
generally  abundant  and  omnivorous  as  any  of  the  parasitic  Ilymen- 
optera,  wiU  attack  anything  which  is  dipterous  or  hymenopterous, 
provided  it  is  physically  suitable  as  food  for  its  larvae.  Apanteles 
fulvipes  and  caterpillar  parasites  generally  are  governed  in  their  host 
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relations  by  physiological  rather  than  by  physical  limitations,  and 
the  diflference  is  as  great  as  that  which  separates  the  true  predator 
from  the  true  parasite. 

Did  time  permit,  and  were  this  the  proper  place,  a  lengthy  digres- 
sion might  be  made,  in  which  several  of  the  parasites  typical  of  both 
groups,  and  which  have  been  somewhat  carefully  studied  at  the 
laboratory,  could  be  compared,  the  better  to  give  strength  to  the 
statement  just  made.  A  little  later  attention  will  again  be  called  to 
the  matter. 

At  this  time  it  is  merely  desired  to  define  the  modified  stand  which 
it  has  been  necessary  to  take  upon  the  question  of  hyperparasites. 
It  is  no  longer  possible,  on  account  of  the  absence  of  their  secondaries, 
to  expect  a  much  if  any  greater  degree  of  efficiency  from  the  imported 
parasites  in  America  than  the  same  species  possess  abroad.  Since 
the  foreign  hyperparasites  of  the  gipsy  moth  are  generally  the  coun- 
terpart of  the  American  species,  which  will  become  hyperparasitic 
upon  the  gipsy  moth  just  so  soon  as  there  are  any  primary  parasites, 
their  introduction  could  not  possibly  do  more  than  result  in  the 
existence  in  America  of  a  somewhat  greater  variety  of  hyperparasites, 
which  as  a  group  would  play  exactly  the  same  r61e  as  the  lesser  variety 
now  existent  here.  Consequently  the  only  secondary  parasites  which 
we  have  to  fear  are  those  which  have  no  counterparts  in  America. 

That  such  exist  is  beyond  question;  that  they  are  in  the  minority 
is  equally  true.  The  only  species  which  have  been  recognized  as 
possibly  or  probably  falling  into  that  group  are  the  hyperparasites 
reared  from  the  gipsy-moth  eggs  from  Japan,  the  Mehttobia  parasite 
of  tachinids;  the  eulopliid  parasite  of  Pteromalus  egregius,  PerUam- 
piL8  cuprinus,  and  Chdlcis  jiskei;  and,  most  unfortunately,  two  primary 
parasites  already  introduced,  which  are  also  secondary,  Pteromalus 
egregius  and  Monodontomerus  sereus.  The  two  last  mentioned  are 
probably  both  beneficial  rather  than  noxious  in  the  final  analysis, 
hut  nevertheless  both  are  peculiarly  adapted  to  act  as  secondary 
parasites  of  the  brown-tail  moth  better  than  as  secondary  parasites 
of  any  other  primary  host. 

It  is  not  intended  to  ignore  the  secondary  parasites  in  the  future 
any  more  than  in  the  past,  but  the  same  fears  which  have  been 
expressed  concerning  their  introduction  are  no  longer  felt  in  tlie 
same  manner,  and  the  benefits  which  were  formerly  expected  to 
accrue  through  their  exclusion  are  not  so  great  as  hoped. 

TACHINID  PABASITES  OF  THE  GIPSY  HOTH. 

In  proportion  as  one  after  another  of  the  previously  mentioned 
hymenopterous  parasites  of  the  gipsy  moth  have  been  eliminated 
from  the  Usts  as  of  no  more  than  incidental  or  technical  interest,  and 
as  the  prospects  for  successfully  introducing  the  one  species  which 
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has  been  proved  to  be  of  preeminent  importance  abroad  have 
grown  less  bright,  the  tachinid  parasites  have  gained  in  the  favor 
accorded  to  them,  and  from  being  considered  as  of  secondary  impor- 
tance they  have  become  of  primary  importance. 

This  change  in  attitude  toward  them  would  have  come  about  in 
another  way,  even  though  it  had  not  been  forced  through  the  compar- 
ative failure  of  the  hymenopterous  parasites  to  make  good  as  yet.  In 
nearly  every  instance  in  which  the  parasites  of  a  native  defoliating 
caterpillar  have  been  studied,  the  tachinids  have  been  found  to  play  a 
part  which  was  at  least  the  equivalent  of  the  part  taken  by  the 
Hymenoptera,  while  in  more  than  half  the  instances  the  tachinids 
have  displayed  superior  efficiency.  This  is  probably  not  true  of 
the  parasites  of  any  other  order  than  the  Lepidoptera,  and  of  only  a 
portion  of  the  larger  representatives  of  that  order. 

For  the  most  part  the  tachinids  are  restricted  in  their  choice  of 
hosts  through  purely  physiological  limitations,  but  to  a  material 
extent  they  are  restricted  through  purely  physical  causes  as  well. 
The  fall  webworm  oflFers  a  striking  example  of  both.  Literally 
thousands  of  tachinid  parasites  have  been  reared  from  it  in  the 
course  of  the  past  few  years,  and  with  the  exception  of  an  insignificant 
number  of  the  imported  CompsUura  concinnataj  only  a  single  species 
has  been  found  amongst  them  all.  This  species,  at  present  known 
as  Varichseta  aJdrichi,  through  its  habit  of  depositing  living  larvae 
upon  the  food  plant  instead  of  depositing  eggs  or  larvae  upon  the 
caterpillars,  possesses  a  very  distinct  and  powerful  advantage  in  its 
attack  upon  this  particular  host.  If  the  leaves  or  stems  near  a  colony 
of  young  caterpillars  are  selected  for  larviposition,  it  is  practically  a 
certainty  that  the  caterpillars  will  enlarge  their  nest  to  include 
these  leaves;  will  thereby  come  in  contact  with  the  parasite  larvae, 
and  thus  complete  the  chain  of  circumstances  through  which  para- 
sitism comes  about.  A  parasite  having  a  similar  habit  would  stand 
an  infinitesimal  show  of  providing  for  the  future  of  its  young  if  the 
webworm  should  suddenly  change  from  a  gregarious  and  nest 
building  to  a  soUtary  and  wandering  insect.  At  the  same  time  that 
the  host  escaped  attack  by  Varichaeta,  it  would  lay  itself  open  to 
attack  by  a  variety  of  other  species  which  are  now  only  prevented 
from  attacking  it  on  account  of  the  protection  which  its  web  affords. 
But  even  though  it  were  freely  exposed  to  attack  by  all  the  species 
of  tachinids  which  deposit  eggs  or  larvae  directly  upon  or  in  their  host, 
it  would  be  immune  to  such  attack  by  all  but  a  small  percentage  of 
the  species  which  might  conceivably  select  it  as  a  host.  This  is 
proved  through  the  occasional  -occurrence  of  caterpillars  bearing 
tachinid  eggs,  but  with  no  evidences  of  internal  parasitism  showing  on 
dissection.  It  is  not  merely  necessary  that  the  host  be  exposed  to 
attack  and  acceptable  to  the  instincts  of  the  mother  parasite;  it  is 
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necessary  that  it  possess  certain  physiological  characteristics  which 
force  it  to  react  in  certain  ways  and  no  others  to  the  stimulus  of  the 
parasite's  presence.  Unless  the  host  does  react  in  the  manner  to 
which  the  parasite  is  accustomed,  the  parasite  which  is  unable  to 
accommodate  itself  to  circumstances  beyond  a  certain  extent  will 
find  itself  in  a  position  which  would  be  comparable  to  that  of  a  man 
suddenly  thrust  into  a  world  where  all  the  commonest  laws  of  nature 
worked  in  an  unfamiliar  manner. 

To  say  that  many  of  the  tacliinids  are  physiologically  restricted  in 
their  host  relationships  is  equivalent  to  saying  that  they  are  restricted 
to  a  limited  number  of  hosts,  and  this  is  true;  probably  more  true 
than  of  the  hymenopterous  parasites  taken  as  a  whole,  or  of  any  large 
group  of  the  hymenopterous  parasites  if  the  MicrogasterinaB  and  a  few 
similar  groups  of  genera  are  excepted.  It  is  probably  true  also  that 
among  those  parasites  which  are  the  most  closely  restricted  in  their 
host  relationships  are  to  be  found  those  which  are  the  most  effective  in 
bringing  about  the  control  of  their  respective  hosts.  This  is  primarily 
due  to  the  fact  that  a  correlation  usually  exists  between  the  life  and 
seasonal  history  of  such  a  parasite  and  some  one  or  more  hosts  which 
it  is  particularly  fitted  to  attack.  The  existence  of  a  correlation 
between  parasite  and  host  of  such  intimate  character  makes  possible 
the  continued  existence  of  the  parasite  independently  of  alternate 
hosts,  and  it  is  thus  enabled  to  keep  pace  with  the  one  species  upon 
which  it  is  pecuHarly  fitted  to  prey  when  other  circumstances  are 
favorable  to  its  increase. 

Some  of  the  most  interesting  examples  of  correlation  of  this  sort 
which  have  yet  come  to  attention  are  to  be  found  among  the  tachinid 
parasites  of  the  gipsy  moth  or  the  brown-tail  moth,  and  on  this  account 
as  well  as  on  a  purely  empirical  basis  they  are  now  considered  much 
more  likely  to  become  important  enemies  of  these  hosts  than  before 
their  characteristics  were  so  well  understood. 

THE     REARING  AND  COIX)NIZATION  OF  TACHINID    FLIES ;    LARGE    CAGES 
VERSUS    SMALL    CAGES. 

In  more  ways  than  can  be  recalled  without  taking  up  and  discussing 
each  species  in  turn  has  the  necessity  for  a  more  complete  knowledge 
of  the  tachinid  parasites  impressed  itself  upon  those  most  concerned 
with  their  economical  handling.  Tlie  difficulties  attending  the 
successful  hibernating  of  the  puparia  of  Blepharipa  and  the  myste- 
rious disappearance  of  Parexorista  chelanixj  after  it  was  considered 
to  be  thoroughly  estabhshed  in  America,  may  be  mentioned  as  con- 
spicuous examples  among  the  many  oftentimes  curious  and  sometimes 
apparently  inexplicable  problems  which  have  come  up  for  solution. 
Just  at  the  present  time  there  is  pressing  need  of  more  and  accurate 
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Plate  XV. 


View  of  Large  Cage  Used  in  1908  for  Tachinid  Rearing  Work.    (From  Townsend.) 
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information  concerning  the  rapidity  of  dispersion  of  certain  among 
these  flies  and  concerning  the  host  rehitions  of  certain  others. 

In  an  accoimt  of  the  methods  used  in  conducting  investigations 
into  the  lives  and  habits  of  the  tachinids,  published  by  Mr.  C.  11.  T. 
Townsend  three  years  ago,  a  good  outline  of  the  b<»ginning  of  this 
work  is  given.  It  has  been  found  necessary  to  modify  to  a  certain 
extent  the  methods  which  seemed  best  at  the  time  when  this  account 
was  written,  and  in  one  particular  at  least  it  seems  advisable  to 
correct  the  statements  therein  made  concerning  the  use  of  the  large 
out-of-door  rearing  cage  for  tachinid  reproduction  work  and 
investigation. 

In  the  beginning  the  use  of  the  large  cages,  consisting  of  a  wooden 
frame  covered  with  cloth  or  wire  screen  and  inclosing  a  living  tree, 
was  attempted  upcm  a  considerable  scale.  Cages  of  this  character 
ha<l  been  so  successfully  employed  in  various  somewhat  similar 
lines  of  work  as  to  justify  their  consideration  in  this,  and  accord- 
ingly a  dozen  or  more  were  constructe<l  and  used  for  the  confine- 
ment of  all  sorts  of  introduced  enemies  of  the  gipsy  moth  or  the 
brown-tail  moth,  from  Pieromalus  egregius  to  Calosoma  sycopJiarUa, 
including  the  tachinid  parasites. 

The  first  of  them,  covered  with  wire  gauze,  was  constructed  in 
190.")  (PI.  XIII)  and  has  been  figured  several  times  in  various  reports 
upon  and  accounts  of  the  work,  but  it  was  never  given  a  thorough 
test  on  account  of  the  failure  to  secure  parasites  in  any  amount  that 
first  year.  In  1906  cheesecloth  coverings  were  substituted  for 
wire  and  a  number  of  cages,  the  general  pattern  of  that  figured 
herewith  (PI.  XIV),  was  constructed  and  used  that  year  and  in 
1907,  but  with  pretty  generally  unfavorable  results.  It  was  found 
that  only  a  very  small  number  of  caterpillars  couhl  bo  supported 
by  the  foliage  of  the  inclosed  trees  or  shrubs,  and  tluit  it  was  neces- 
3ary  to  feed  them  artificially  exactly  as  was  necessaiy  in  the  smaller 
cages.  The  impossibility  of  keeping  a  variety  of  native  insects  out, 
as  well  as  of  keeping  the  foreign  insects  in,  was  another  and  only 
too  apparent  fault.  In  an  experiment  with  tachinid  reproduction 
in  one  of  these  cages  in  1907,  the  number  of  flies  introduced  in  the 
beginning  grew  steadily  less  day  by  (hiy,  ^vitll  no  adequate  explana- 
ti(m  for  the  disappearance  of  the  missing  individuals. 

Another  disadvantage  accrued  tlirough  the  fact  that  when  a 
caterpillar  was  in  any  way  dislodged  from  the  inclosed  tree  upon 
which  it  was  expected  to  remain  and  feed,  tlie  chances  were  infi- 
nitely greater  that  it  would  find  its  way  to  the  side,  and  tlien  to 
the  roof  of  the  cage,  than  that  it  would,  unassisted,  regain  its  former 
position.  The  parasites,  also,  instead  of  staying  about  the  tree 
where  their  business  was  supposed  to  demand  tlieir  attenti(m,  would 
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persistently  remain  in  the  uppermost  recesses  of  the  cage  and  refuse  to 
come  down. 

All  in  all,  the  disadvantages  were  so  many,  in  proportion  to  the 
advantages,  and  these  latter  were  so  largely  imaginary  in  point  of  fact, 
as  to  result  in  the  decision  to  discontinue  the  use  of  the  lar^e  cages 
entirely  in  1908. 

The  cage  figured  by  Mr.  Townsend  (PI.  XV)  was,  however,  an 
innovation  in  several  respects.  It  was  built  independently  of  any 
tree  which  should  serve  as  food  for  the  inclosed  caterpillars,  "but 
these  caterpillars  were  confined  within  certain  restricted  limits  and 
exposed  to  the  attacrk  of  the  tachinid  flies  at  one  and  the  same  time 
by  the  use  of  the  open  "tangle footed''  tray.  Here  a  most  distinct 
advantage  was  gained.  The  floor  of  trodden  earth  (subsequently- 
replaced  by  cement)  effectually  prevented  the  entrance  of  numerous 
insects  wliich  were  formerly  uninvited  guests  and  thereby  removed 
another  serious  disadvantage.  An  arrangement  of  double  doors 
and  wire-screened  vestibule  prevented  the  untimely  liberation  of 
the  flies,  and  there  were  no  longer  so  many  inexplicable  disappear- 
ances. The  fact  that  the  top  of  the  cage  was  flat  instead  of  being 
extended  into  the  gable  tended  to  keep  the  flies  somewhere  more 
nearly  where  they  were  wanted.  In  short,  there  were  a  great  many 
advantages  possessed  by  the  new  cage  which  were  not  possessed  by 
the  old,  and  there  was  some  justification  for  considering  it  good. 

In  the  meantime  Mr.  Burgess,  who  had  taken  over  the  Calosoma 
work  in  the  fall  of  1907,  had  developed  the  out-of-door  cage  along 
totally  different  lines,  making  it  into  nothing  more  than  an  out-of- 
door  insectary  (PI.  XVI),  in  which  were  conducted  practically  all  of 
his  numerous  and  varied  investigations.  It  had  seemed  in  1907  as 
though  the  only  one  among  the  numerous  imported  insects  which 
had  done  at  all  well  in  the  out-of-door  cages  as  then  used  had  been 
the  Calosoma,  but  the  success  attending  their  use  for  the  rearing  of 
tliis  insect  was  so  soon  and  so  overwhelmingly  eclipsed  by  the  success 
which  attended  the  use  of  small  individual  cages  for  single  pairs  of 
the  beetles  or  individual  larvae  as  to  render  the  advisability  of  their 
discontinuation  for  this  purpose  emphatic. 

Some  attempt  was  made  to  use  the  tachinid  cage  in  1909,  but  not 
to  the  extent  to  which  it  had  been  used  the  previous  year.  Late 
in  the  summer  of  1909  reproduction  experiments  with  small  numbers 
of  various  species  of  tachinids  were  undertaken  by  Mr.  W.  R.  Thomp- 
son, who  used  cages  constructed  after  the  familiar  Riley  type,  but 
covered  entirely  with  coarse  fly  screen.  (PI.  XVII,  fig.  1.)  He 
succeeded  in  much  of  that  which  he  undertook  to  do,  and  in  1910 
continued  the  use  of  this  type  of  cage,  for  a  part  of  a  quite  extensive 
series  of  most  interesting  and  successful  experiments,  but  he  also 
used  a  much  smaller  cage  consisting  of  a  wire-screen  cylinder  (PI. 
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XVTI,  fig.  2,  at  right),  about  8  inches  in  diameter  anti  12  inches  liigh, 
with  wooden  top  and  bottom.  Ilis  best  results  were  secured  through 
the  use  of  this  cylinder,  and  the  reason  appeared  to  be  that  the  flies 
were  less  likely  to  fly  and  acquire  sufiicient  momentum  to  injure 
themselves  in  small  than  in  lai^  cages. 

In  elaboration  of  the  principle  apparently  involved,  a  still  smaller 
cylinder  (PI.  XVII,  fig.  2,  at  left),  scarcely  3  inches  in  diameter  and 
shorter  than  that  formerly  used,  was  experimented  with.  Better 
results  than  ever  before  were  secured  upon  the  single  occasion  upon 
which  this  cage  was  used,  and  unless  further  experimentation  results 
in  additional  modifications  or  in  a  reversal  of  the  results  first  obtained, 
the  cylinder  cage  figured  herewith  will  be  used  almost  exclusively 
in  1911. 

As  a  basis  for  comparison  of  the  utility  of  the  large  versus  the 
small  cages,  the  results  attending  the  investigations  into  the  biology 
of  Blepharipa  may  be  taken  as  an  example. 

Between  300  and  400  flies  were  used  in  an  attempt  to  secure 
oriposition  in  the  large  cage  in  1908,  and  no  care  that  could  be  given 
them  imder  these  conditions  was  lacking.  Not  a  single  female  com- 
pleted her  sexual  development  to  the  point  at  which  she  was  capable 
of  depositing  fertile  eggs,  and  no  eggs  of  any  sort  were  secured. 
Scores  instead  of  himdreds  of  flies  were  used  for  the  experiments 
in  the  spring  of  1910,  and  many  of  the  females  Uved  throughout 
the  period  allotted  for  the  incubation  of  their  eggs  and  deposited 
them  at  the  rate  of  several  hundred  daily,  and  abundant  opportunity 
was  thus  afforded  for  the  continuation  of  the  studies  into  the  lives 
and  habits  of  the  young  larvse  under  different  conditions  and  in 
different  hosts. 

In  short,  after  the  most  thorough  tests,  the  use  of  the  large  out-of- 
door  cages  has  been  definitely  abandoned  for  all  phases  of  the  work 
at  the  gipsy-moth  parasite  laboratory.  It  is  not,  however,  intended 
to  state  thus  dogmatically  that  similar  large  cages  would  not  be 
adaptable  to  work  with  parasites  of  any  other  host. 

HYPERPARASITES   ATTACKING    THE   TACHINID^. 

Undoubtedly  there  is  abroad  an  important  group  of  secondary 
parasites  of.  the  gipsy  moth  and  the  brown-tail  moth,  included  in 
which  are  some  which  attack  the  various  species  of  tacliinids  to  such 
an  extent  as  indirectly  to  affect  the  welfare  of  the  primary  host. 
Very  little  is  known  of  this  hyperparasitic  fauna,  because  practically 
all  of  the  tachinids  received  have  been  from  host  caterpillars  which 
were  Uving  at  the  time  of  collection.  That  it  exists  is  well  indicated 
by  the  tentative  studies  of  the  American  parasites  of  Coinpsilura 
condnnata,  which  were  made  in  1910,  and  which  will  be  the  subject 
of  mention  at  another  place. 
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Occasionally,  however,  a  few  secondary  parasites  have  been  reared 
from  puparia  from  abroad  either  because  these  puparia  were  col- 
lected in  part  in  the  open  or  because  the  parasites  were  of  species 
which  attacked  the  primary  parasite  during  the  life  of  the  primary 
host.  The  number  of  secondary  parasites  having  such  habit  is 
apparently  very  limited,  and  it  has  been  definitely  proved  of  but  two 
genera,  namely,  Perilampus  among  the  chalcidids  and  Mesochorus 
among  the  iclmeumonids.  The  latter  has  never  been  reared  as  a 
parasite  of  any  tacliinid. 

Because  of  the  rather  extraordinary  precautions  which  were  taken 
to  avoid  introducing  into  America  the  secondary,  together  with  the 
primary,  parasites  of  the  gipsy  moth  and  the  brown-tail  moth,  the 
whole  question  of  secondary  parasitism  is  worthy  of  considerable 
attention  in  anytliing  which  purports  to  be  a  history,  however 
abbreviated,  of  the  operations  conducted  at  the  parasite  laboratory. 
In  the  case  of  those  attacking  the  tachinids  it  is  better  that  they  be 
briefly  considered  en  masse,  since  there  are  very  few  among  them 
with  host  relations  restricted  other  than  physically. 

Perilampus  cuprinus  Forst. 

Actually,  only  a  very  little  is  known  of  tliis  species  from  first-hand 
investigations  further  than  that  it  is  occasionally  reared  from  puparia 
of  any  species  of  tachinid  parasitic  upon  the  brown-tail  moth  or  gipsy 
moth  in  Europe,  and  under  circumstamces  wliich  strongly  indicate 
a  habit  of  making  its  attack  before  the  death  of  the  primary  host. 
At  the  same  time  it  is  felt  that  much  is  known  of  the  probable  habits 
of  tliis  species  through  analogy  as  the  results  of  Mr.  Smith's  studies 
of  the  early  history  of  the  alUed  American  species,  Perilampus 
Jiyalinus  Say,  which  attacks  the  parasites,  both  hymenopterous  and 
dipterous,  of  the  fall  webw^orm.  Presumably,  like  the  American 
species,  its  minute  first-stage  larva,  or  **planidium,"  gains  access  to 
the  host  in  some  manner  not  quite  clear,  and  after  wandering  about 
in  its  body  for  a  time  enters  the  bodies  of  such  parasites  as  it  chances 
to  encounter. 

That  a  secondary  parasite  having  such  habits  might  be  expected 
to  bo  peculiarly  a  parasite  of  the  parasites  of  one  particular  host 
rather  than  of  the  same  or  similar  parasites  of  another  host,  coupled 
with  the  fact  that  extraordinary  precautions  were  obviously  necessan' 
to  provide  against  its  accidental  importation,  made  Perilampus 
cuprinus  appear  peculiarly  abhorrent,  and  for  a  time  following  the 
discoveiy  of  the  early  habits  of  P.  Jiyalinus  precautions  against  the 
importation  of  its  congener  were  redoubled.  In  the  course  of  time  it 
was  determined  that  it  was  never  present  in  sufficient  abundance 
to  make  it  at  all  probable  that  it  was  a  parasite  of  the  gipsy  moth  or 
the  brown-taU  moth  parasites  to  anything  like  the  extent  to  which 
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P.  hyaHntLs  was  thus  peculiarly  an  enemy  of  fall  web  worm  para^sites, 
and  thus  a  friend  of  the  fall  webworm.  Neither,  when  it  was  present 
(which  it  was  not,  as  a  rule) ,  was  it  ever  known  to  emerge  from  infested 
puparia  of  the  ''summer  issuing  species"  until  long  after  the  flies 
had  ceased  to  emei^e.  From  the  puparia  of  species  which  hiber- 
nated as  pupse  it  never  emerged  until  the  spring  and  then  appearetl 
before  the  flies  themselves.  It  was  thus  possible  to  provide  against 
its  escape  with  little  trouble,  and  it  is  now  considered  as  distinctly 
less  menacing  than  the  species  which  follows. 

Meltttobia  acasta  Walk. 

Another  most  extraordinary  parasite  of  tachinids  in  Europe  is 
MdiMobia  acasta,  according  to  a  determination  furnished  some  years 
ago  by  Dr.  Ashmead.  It  is  thought  probable  that  a  careful  com- 
parison between  the  parasite  of  the  tachinids  and  M.  acasta  ^lU 
reyeal  specific  differences,  but  at  the  time  of  \Miting  such  comparison 
has  not  been  made.  Of  all  of  the  secondaries  which  have  been 
imported  with  the  parasite  material  this  has  proved  the  most 
annoying. 

Its  most  annoying  characteristic  is  its  minuteness,  which  enables 
it  to  pass  through  50-mesh  wire  screen  at  will,  and  this,  coupled  with 
an  extreme  hardiness  and  an  insidious  inquisitiveness  which  seems 
to  know  no  bounds,  has  resulted  upon  two  occasions  in  an  infestation 
of  the  laboratory  which  is  comparable  to  a  similar  infestation,  which 
>*t11  receive  further  mention,  by  the  mite  Pediculoides. 

No  one  knows  where  it  came  from  upon  either  occasion  or  how  it 
first  succeeded  in  gaining  a  foothold  in  the  laborator}\  Its  first 
appearance  was  in  1906,  when  Mr.  Titus  encountered  it  in  several 
lots  of  puparia  of  different  species  of  tachinids  from  several  European 
localities.  Mr.  Titus  evidently  thought,  judging  from  his  notes, 
that  it  had  been  imported  in  each  instance  with  the  material  from 
those  localities.  He  studied  its  habits  that  first  year,  and  found 
that  it  would  oviposit  freely  in  confinement  and  that  such  oviposition 
was  successful.  He  did  not  give  it  full  credit  for  its  insidiousness,  and 
as  a  result  it  succeeded  in  eluding  his  vigilance  and  gaining  access 
to  a  number  of  the  lots  of  hibernating  puparia  of  Blepharipa,  upon 
which  it  reproduced  with  great  freedom. 

In  the  spring  of  1907  this  circumstance  became  evident  through 
its  emergence  in  some  numbers  from  several  of  the  lots  of  hibernating 
puparia  early  in  June,  after  most  of  the  flies  had  issued.  An  examina- 
tion of  the  remaining  puparia  was  thereupon  imdertaken  and  a  vast 
number  of  larvse,  pupse,  and  unissued  adults  destroyed. 

At  that  time  it  was  supposed  that  each  of  the  lots  of  puparia  were 
infested  at  the  time  of  their  receipt,  but  when  an  even  larger  amount 
95677°— Bull.  91—11 14 
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of  similar  material  was  received  from  an  even  greater  number  of 
localities  in  1907,  and  a  smaller,  but  still  a  considerable  amount  in 
the  course  of  the  year  following,  and  no  trace  of  Melittobia  was 
encoimtered,  it  began  to  become  apparent  that  the  quite  general 
infestation  of  the  puparia  in  1906  had  taken  place  after  their  receipt 
at  the  laboratory. 

Vigilance  unrewarded  during  the  two  years  slackened  somewhat 
in  1909,  and  late  in  the  summer  a  new  infestation  of  Mehttobia 
suddenly  developed.  Where  it  originated  was  and  remains  wholly  a 
mystery.  Possibly  the  first  individuals  were  received  in  a  lai^e 
shipment  of  sarcophagid  puparia  which  had  been  collected  in  Eussia 
and  forwarded  to  the  laboratory  by  Mr.  Kincaid,  who  considered 
them  to  be  gipsy-moth  parasites.  This  lot  of  several  thousand 
puparia  was  thoroughly  infested,  and  a  very  large  proportion  con- 
tained either  the  exit  holes  or  the  brood  of  Melittobia  when  their 
condition  was  discovered. 

But  the  infestation  did  not  stop  here.  Various  small  lots  of  puparia 
of  various  sorts,  inclosed  in  small  pasteboard  boxes,  in  cloth-covered 
vials,  or  in  other  receptacles  were  found  to  have  been  attacked  by 
the  parasite.  It  seemed  suddenly  to  have  come  from  nowhere  and 
to  have  attacked  everything  at  once. 

A  very  general  cleaning  up  was  immediately  instituted,  but  again, 
it  was  felt,  after  the  damage  had  been  done.  The  sarcophagid 
puparia,  which  would  otherwise  have  served  as  the  basis  for  a  very 
necessary  and  desirable  series  of  investigations  into  the  true  char- 
acter of  these  flies,  had  to  be  destroyed.  A  large  percentage  of 
them  was  attacked  by  the  parasite,  and  the  rearing  of  the  healthy 
remainder  involved  the  isolation  of  each  and  all  of  them  in  a  series 
of  tightly  stoppered  vials.  The  Melittobia  were  issuing  daily  and 
immediately  attacking  the  healthy  remainder  and  there  was  no 
method  short  of  breaking  open  each  puparium  which  sufficed  to 
determine  its  condition. 

After  the  cleaning  up  had  been  accomplished,  Mr.  Smith  began  a 
series  of  investigations  into  the  life  and  habits  of  the  parasite,  the 
results  of  which  he  intended  to  have  prepared  for  pubhcation  before 
leaving  the  laboratory.  Since  he  did  not  do  this,  and  since  the 
species  is  one  which  is  likely  to  become  a  cause  of  annoyance  should 
similar  work  to  the  present  be  undertaken,  the  following  brief  sum- 
mary of  the  results  of  his  studies  may  be  given. 

The  minute  females,  after  having  been  fertihzed  by  the  still  more 
minute,  bUnd,  and  wingless  males,  issue  from  the  puparium  in  which 
they  have  passed  their  early  transformations  and  go  in  quest  of  others 
which  they  may  attack.  They  will  also  attack  hymenopterous  co- 
coons, but  with  less  success,  apparently,  than  in  the  case  of  the  more 
favored  host.     In  the  course  of  this  search  they  >\ill  enter  the  damp 
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earth  for  a  distance  of  several  inches  in  quest  of  puparia  which  have 
been  buried  therein,  and  since  they  can  pass  through  well-nigh  invis- 
ible cracks  and  are  in  possession  of  an  acute  maternal  instinct^  they 
are  able  to  enter  receptacles  of  all  sorts  by  means  of  openings  far  too 
small  to  permit  the  passage  of  any  other  among  the  secondary  para- 
sites which  have  been  studied,  not  excepting  those  from  the  gipsy- 
moth  eggs. 

Having  located  their  prey,  oviposition  follows,  the  eggs  are  de- 
posited upon  the  surface  of  the  nymphs  in  an  irregular  circle  sur- 
rounding a  wound  made  by  the  ovipositor.  They  are  very  small  but 
appear  to  swell  somewhat  before  hatching,  and  if  the  puparium  is 
broken  open  so  that  they  are  freely  exposed  to  the  air,  they  will  not 
hatch  at  aU.  Contrary  to  expectations  the  larv8B  and  their  mode  of 
life  presented  nothing  abnormal.  The  number  of  larv»  or  pupsB 
which  had  been  foimd  in  the  hibernated  Blepharipa  in  the  spring  of 
1907  was  so  extraordinarily  large  in  comparison  to  the  size  of  the 
mother  insect  that  it  was  considered  Ukely  that  some  form  of  polyem- 
bryony  or  paedogenesis  would  be  found  upon  further  study. 

Becoming  full  fed,  they  wiU  pupate  immediately  if  the  temperature 
is  uniformly  high,  but  will  hibernate  if  it  is  allowed  to  fall  below  a 
point  which  was  not  determined.  As  soon  as  pupation  has  taken 
place  the  sexes  are  easily  separable,  through  the  absence  of  wings  and 
eyes  in  the  males.  The  male  pup»  develop  much  more  rapidly  than 
the  females  and  the  adults  issiie  in  advance  of  their  mates.  They  are 
invariably  in  the  great  minority,  and  their  relative  numerical  strength 
is  still  further  reduced  through  the  terrific  duels  which  foUow  their 
emergence.  Notwithstanding  their  physical  defects  in  the  matter  of 
sight  and  powers  of  flight,  their  seeming  weakness  otherwise,  and 
their  small  size,  even  when  compared  to  their  mates,  they  possess  a 
courage  and  a  vigor  that  is  most  surprising.  In  the  instance  of  a 
colony  which  had  been  removed,  from  the  puparium  in  which  it  was 
reared  through  its  early  stages,  to  a  small  glass  cell,  the  several  males 
which  issued  well  in  advance  of  the  females  engaged  forthwith  in  con- 
ffict,  in  the  course  of  which  a  considerable  number  was  killed.  The 
survivors  of  this  LiUiputian  battle  royal  calmly  awaited  the  issu- 
ance of  the  members  of  their  harems  and  proceeded  to  mate  with  one 
and  all  with  an  ardor  which  seemed  to  know  no  limit. 

Mr.  Smith  also  conducted  an  experiment  in  parthenogenesis,  the 
results  of  which  were  and  remain  unique  in  the  annals  of  the  labora- 
tory. As  in  every  other  instance  in  which  an  attempt  has  been  made 
to  secure  parthenogenetic  reproduction  with  the  hymenopterous  para- 
sites, it  was  successful,  but  in  this  case  to  a  Umited  degree  only,  in 
that  the  females  positively  refused  to  deposit  more  eggs  than  they 
would  normally  have  produced  males  had  they  been  properly  fertiUzed. 
Instead  of  depositing  sufficient  to  provide  for  the  complete  consump- 
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tion  of  the  host,  only  four  or  five  would  be  deposited  at  a  time,  and 
notwithstanding  that  after  the  depositing  of  what  probably  amounted 
to  barely  5  per  cent  of  those  which  filled  their  abdomens  fairly  to 
bursting,  they  ceased,  and  nothing  short  of  impregnation  served  to 
arouse  their  maternal  instincts  again.  As  virgins  they  displayed  a 
longevity  lacking  in  the  case  of  the  fertilized  individuals,  and  in  those 
instances  in  which  they  were  properly  cared  for  easily  outlived  the 
time  necessary  for  their  scanty  progeny  to  complete  its  transformation. 

This  progeny,  as  was  expected,  was  exclusively  of  the  male  sex, 
which,  when  afforded  opportunity,  promptly  united  with  their  virgin 
mothers,  who  thereupon  displayed  the  normal  desire  to  deposit  their 
eggs.  As  in  the  instance  of  Schedius,  the  fruit  of  such  unnatural 
union  consisted  of  both  sexes. 

Nothing  approaching  this  characteristic  of  Melittobia  has  been 
encountered  in  any  similar  studies  which  have  been  made  of  the  par- 
thenogenetic  reproduction  of  the  parasitic  Hymenoptera.  In  every 
instance  either  one  sex  or  the  other  has  been  the  result,  and  oviposi- 
tion  by  virgin  mothers,  in  so  far  as  any  observations  to  the  contrary 
have  been  made,  is  perfectly  normal  and  as  free  as  by  mated  females. 

It  formed  a  strong  argument  in  favor  of  the  sex  of  the  egg,  in  this 
particular  species,  having  been  determined  before  fertilization  took 
place,  a  characteristic  wliich  is  certainly  not  possessed  by  the  majority 
of  the  parasites  studied. 

ChALC'IS   FI8KEI   CrAWF. 

This  large  and  fine  representative  of  its  genus  has  been  received 
from  Japan  each  year  since  the  first  large  shipments  came  from  that 
country  in  1908  as  a  parasite  of  Crossocosmia  and  Tachina.  It  is  of 
interest  in  that  it  is  fairly  common,  and  worthy  of  consideration  on 
that  account,  but  more  on  account  of  its  having  been  reared  under 
circumstances  which  tend  to  indicate  that  it  somehow  gains  access  to 
the  tachinid  larva  before  the  latter  leaves  its  host.  This  evidence  is 
not  sufficiently  complete  to  justify  an  outright  statement  to  the  same 
eflect,  but  it  is  sufficiently  convincing  to  make  its  possibility  worthy 
of  mention.  On  this  account  the  species  acquires  an  importance 
which  it  would  otherwise  lack,  and  as  a  possible  specific  enemy  of  the 
parasites  of  the  gipsy  moth  it  is  worthy  of  special  endeavors  looking 
toward  its  exclusion. 

MONODONTOMERUS   iEREUS   WaLK. 

As  will  be  mentioned  again  under  the  discussion  of  this  species  as 
a  primar}^  parasite  of  the  gipsy  moth  and  the  brown-tail  moth,  Mono- 
dontomerus  is  commonly  reared  as  a  secondary  as  well  as  a  primarj' 
parasite.  Its  occurrence  as  a  secondary  is  altogether  too  frequent 
and  under  such  conditions  as  to  make  its  recognition  as  such  too  plain 
to  permit  excuses  in  its  behalf  similar  to  those  which  have  been  put 
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forward  in  the  case  of  Th^ronia  fulvesceTis  Cress.  It  is  therefore  con- 
sidered as  a  secondary  just  as  much  and  as  habitually  as  it  is  a  primary 
and  the  question  as  to  whether  it  is  of  enough  more  importance  in 
one  rdle  than  it  is  in  the  other  to  render  it  more  than  neutral  remains 
to  be  decided.  Apparently  its  value  as  a  primary  is  sufficient  to 
render  void  its  noxiousness  as  a  secondary,  and  to  leave  a  consider- 
able margin  to  its  good,  but  this  margin  does  not  seem  quite  as  wide 
now  as  it  did  a  year  ago,  and  it  will  require  a  3"ear  or  two  more  to 
determine  the  tme  status  of  the  parasite. 

Miscellaneous  Parasites. 

There  are  quite  a  number  of  small  chalcidids,  the  most  of  them 
being  Dihrachys  boucTieanus  Ratz,  which  are  occasionally  received 
with  shipments  of  tachinids 
from  abroad.  None  of 
them  is  of  any  importance 
whatever  in  this  connec- 
tion, from  the  point  of 
view  gained  through  the 
study  of  the  material  col- 
lected and  sent  under  the 
conditions  which  have  pre- 
vailed in  the  past.  Some- 
times when  lots  of  loose 
puparia  have  been  shipped 
as  such,  loosely  packed, 
two  or  three  among  them 
have  produced  a  colony  of 
Dibrachys  or  some  other 
panisite  of  similar  size  and 
habits,  and  these  individ- 
uals have  immediately  set 
about  the  propagation  of 
their  species  with  such  good  effect  as  to  bring  about  the  destruction 
of  the  larger  part  of  the  remaining  puparia. 

No  serious  effort  has  as  yet  been  made  to  sort  the  Chalcididte  thus 
reared  to  species,  much  less  to  determine  their  specific  identity. 

BLEPIIARIPA  SCUTELLATA  DESV. 

Among  the  tachinid  parasites  of  the  gipsy  moth  caterpillars  or  the 
brown-tail  moth  caterpillars,  Blepharipa  scuteUata  (fig.  35)  is  the 
most  conspicuous  representative  of  the  group  characterized  by  the 
habit  of  depositing  eggs  (figs.  36  and  37)  upon  the  foliage  of  trees  or 
other  plants  frequented  by  its  host  with  the  deUberate  intention  that 
they  shall  be  devoured.     It  is  also  an  exceedingly  close  ally  to  the 


Fig.  35.—Blepharipa   scuteUata:   Adult  female. 
(Original.) 


Enlarpod. 
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Fio.  36.—BUpharipa  sexUelUUa: 
Eggs  in  9itu  on  frasruont  of 
leaf.    Enlarged.    (Original.) 


Japanese  Crossocosmia  sericariXy  which  was  the  subject  of  the  original 
investigations  by  Dr.  Sasaki  through  which  this  peculiar  habit  was 
discovered.  The  full  Ufe  of  the  fly  from  the  deposition  of  the  eggs  to 
the  issuance  of  the  adult,  some  10  or  1 1  months  later,  has  been  the  sub- 
ject of  a  special  series  of  investigations  by  Mr.  W.  R.  Thompson,  who, 
it  is  expected,  will  shortly  pubUsh  the  results  of  his  studies. 

It  is  worthy  of  note  that  the  results  of  Dr. 
Sasaki's  observations  have  been  abundantly 
confirmed  in  very  neariy  every  respect  in  which 
there  is  not  an  actual  difference  between  the 
habits  of  Blepharipa  and  those  of  Crossocosmia. 
Each  female  fly  is  capable  of  depositing  sev- 
eral thousands  of  eggs  upon  the  foUage  of  trees 
frequented  by  the  caterpillars  of  the  chosen 
host,  but  it  is  not  known  to  what  extent  she 
employs  discretionary  powers  in  the  selection 
of  these  trees.  Presumably  she  is  attracted 
to  those  upon  which  the  host  caterpillars  are 
most  abundant.  Whether  one  sort  of  tree  is 
more  attractive  to  them  than  another  is  not 
known.  The  young  larvae  hatching  from  the  eggs  which  have 
escaped  maceration  by  the  mandibles  of  the  caterpillars  pass  through 
the  wall  of  the  alimentary  canal  and  immediately  proceed  to  take 
full  advantage  of  the  physiological  changes  brought  about  in  the 
host  organism  as  the  direct  result  of  their  presence.  There  are  two 
larval  ecdyses  and  three  larval  stages  (as  is  the  case  with  every  other 
parasite  of  which  the  transfor- 
mations are  sufficiently  well 
known  to  make  any  statement 
possible),  and  the  maimer  of  hfe 
undergoes  a  change  with  each 
ecdysis. 

The  first-stage  larva  embeds 
itself  in  the  tissues  of  the  host, 
which  apparently  react  in  a  man- 
ner somewhat  suggestive  of  the 
reaction  which  results  in  the 
growth  of  a  vegetable  gall  fol- 
lowing attack  by  a  gall-making 
insect.  The  drawings  of  these 
gall-like  bodies  containing  the  larvse  (fig.  38),  as  well  as  the  drawings 
of  the  egg  and  of  the  second-stage  larval  "funnel"  were  prepared 
under  the  direction  of  Mr.  Thompson  as  illustrations  for  his  forth- 
coming paper. 

The  second-stage  larva  undergoes  a  complete  change  in  its  manner 
of  life,  and  its  activities  result  in  the  formation  of  a  tracheal  "funnel,'' 


Fio.  37.-^,  Egg  of  Blepharipa  scuUOata,  sbowlng 
characteristic  sculpture  and  markings;  b,  egg  of 
Pales  pavida.    Greatly  enlarged.    (Original.) 
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FiQ.  3S.—Blepharipa  scutellata.  First-stage  larvsB:  a,  Natural  size;  b, 
greatly  enlarged;  c,  c,  c,  greatly  enlarged  in  situ  in  atrophied  tissue  of 
host.    (Original.) 


as  illustrated  in  figures  39  and  40.  In  this  stage  the  larva  breathes 
through  the  spiracle  of  its  host,  to  which  the  "funnel/'  which  is 
apparently  formed  by  the  adventitious  growth  of  a  main  branch  of 
the  trachea,  is  directly  attached. 

But  few  of  the  parasites,  the  early  stages  of  which  have  been  studied 
at  the  laboratory,  exhibit  a  more  clearly  defined  physiological  rela- 
tionship with  their 
host  than  does  Ble- 
pharipa.  This  re- 
lationship is  com- 
parable in  many 
ways  to  that  be- 
tween the  cynipid 
gall-makers  and  the 
oak  tree  which 
serves  as  their  host. 
As  is  well  known, 
many  species  of  cy- 
nipids  are  closely 
restricted  to  one 
species  of  oak,  or, 
at  least,  to  several 
nearly  allied  spe- 
cies, and  the  same  is  to  be  expected  of  parasites  like  Blepharipa  and 
others  here  spoken  of  as  physiological,,  and  thus  limited  in  their  host 
relationships.     The  gipsy  moth  itself  is  comparable  to  the  parasites 

in  which  the  host 
relations  are  deter- 
mined by  physical 
rather  than  by 
physiological  con- 
ditions. In  its 
choice  of  food,  al- 
though it  prefers 
oak  to  almost  any 
other  of  the  native 
trees,  it  can  and 
does  attack  all  or 
nearly  all  varieties 
of  deciduous  trees,  and  even  conifers  and  herbaceous  plants  when 
necessity  demands. 

The  development  of  the  Blepharipa  is  directly  correlated  to  the 
development  of  the  host,  and  as  a  parasite  of  the  gipsy  moth,  its 
larva  awaits  the  pupation  of  the  host  before  assuming  th^  aggressive, 
and  destroying  it  (PI.  XVIII,  fig.  1).  Its  own  pupation  is  accom- 
plished in  the  earth  (PL  XVIII,  fig.  2),  and  the  pupa  develops  adult 


Fig.  39.— Blepharipa  scutellata:  Second-stage  larva  in  situ  in  a  portion  of 
Its  tracheal  "  funnel."    Greatly  enlarged.    (Original.) 
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characters  in  the  fall.  The  space  between  the  pupa  or  nymj)li  and 
the  shell  of  the  piiparium  is  filled  by  a  small  quantity  of  liquid,  and 
the  complete  drying  up  of  this  liquid  is  very  prejudical  to  the  health 
of  the  individual,  and  is  usually  sufficient  to  prevent  its  emergence. 
The  difficulties  which  have  stood  in  the  way  of  a  successful  intro- 
duction of  BlepJiaripa  scuteUata  into  America  have  differed  in  many 
respects  from  those  which  have  accompanied  the  work  with  any  of 
the  other  species,  saving  only  the  closely  alUed  Crossocosmia.  The 
first  importations  of  full-grown  caterpillars  or  freshly-formed  pupae 
of  the  gipsy  moth  in  1905  resulted  in  the  securing  of  a  considerable 
number  of  hibernating  puparia.  There  were  several  hundred  at  least, 
but  although  they  were  kept  under  conditions  wliich  would  be  satis- 
factory in  the  case  of  most  of  tlie  tachinids,  not  a  single  Blepharipa 
issued  in  the  spring  of  1906.     The  death  of  the  insect  did  not  take 

.  place  until  after  the  fly  was 

^1\  fully  formed  and   apparently 

nearly  ready  to  issue  from  the 
puparium. 

A  great  many  different 
methods  of  hibernating  these 
puparia  have  been  experi- 
mented with  at  the  laboratory 
wath  variable,  and  until  the 
winter  of  1909  with  poor,  re- 
sults.    During   the  winter  of 

FiQ.  40.— BUphariim  scuteUata:  Basal  port  ion  of  tT&chQii\      i  nn'-T    o  i-U  •  i  j. 

"funnel."    Greatly  enlarged.   ^Original.)  1^07-8  the  pupana  Were  kept 

in  moist  earth  and  a  10  per 
cent  emergence  from  a  total  of  5,000  was  secured.  The  year  before 
they  were  also  hibernated  in  eailh,  but  the  emergence  was  less, 
amounting  to  only  3  per  cent  of  the  total,  and  the  year  following 
still  less,  being  only  about  1  per  cent. 

In  1909  for  the  first  time  since  the  inception  of  the  work  large  num- 
bers of  living  gipsy-moth  pupae  containing  the  immature  maggots  of 
Blepharipa  were  received  at  the  laboratory  from  Hy feres,  France, 
through  the  magnificent  efforts  of  M.  Ren6  Oberthiir,  of  Rennes,  and 
as  a  direct  result  of  the  senior  author's  trip  earlier  the  same  year. 
Some  idea  of  the  size  of  these  sliipments  may  be  gained  by  reference 
to  Plate  XIX,  figures  1  and  2,  which  show  a  small  proportion  of  the 
total  number  of  packages  at  the  time  of  their  receipt  at  the  laboratory. 
For  the  first  time  it  was  possible  to  allow  the  formation  of  the  puparia 
under  natural  conditions  in  the  eartli.  During  each  of  the  preceding 
years  the  caterpillars  and  pupae  had  been  received  from  abroad  by 
means  of  the  ordinary  methods  of  transportation  and  puparia  had 
been  formed  in  the  boxes  on  receipt.  They  were  often  injured  and 
always  thoroughly  dried  when  received.     This  year  provision  had 
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Fig.  1 .— Blepharipa  scutellata: 
Full-Grown  Larva  from  Gipsy- 
Moth  Pupa.  Enlarged  About 
Six  Times.    (Original.) 


tifii 
1*111 


Fig.  2.-BLEPHARIPA  scutellata:  Puparia.   Slightly  Enlarged. 
(Original.) 
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Plate  XIX. 


Fig.  1.— Importation  of  Gipsy-Moth  Caterpillars  from  France  in  1909;  En  Route 
TO  Laboratory  at  Melrose  Highlands,  Mass.    iOriginal.) 


Fia  2.— Importation  of  Gipsy-Moth  Caterpillars  from  France  in  1 909;  Receipt 
AT  Laboratory,  Melrose  Highlands,  Mass.    (Original.) 
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been  made  for  cold  storage  in'  transit,  with  the  results  as  mentioned 
above. 

A  very  large  number  of  the  j)arasites  were  secured  in  this  manner, 
and  several  thousands  of  the  maggots  were  allowed  to  enter  the  earth 
in  the  open  in  forests  infested  by  the  gipsy  moth.  Others  were  allowed 
to  pupate  in  a  natural  manner  in  forest  soil  or  in  a  mixture  of  garden 
loam  and  sand  in  a  variety  of  containers  in  the  laboratory  grounds. 

An  examination  of  these  puparia  was  made  from  time  to  time  dur- 
ing the  winter  and  they  were  found  to  be  uniformly  in  a  much  more 
satisfactory  condition  than  the  hibernating  pui)aria  had  ever  before 
been  at  that  season  of  the  year.  So  far  as  could  be  determined  even 
up  to  within  a  few  weeks  before  the  emergence  of  the  flies  woidd 
naturally  take  place,  there  was  no  difference  in  the  condition  of  the 
puparia  liibemated  in  different  kinds  of  soil  or  under  slightly  different 
environment. 

Beginning  quite  early  in  the  spring  and  continuing  through  a  con- 
siderable period,  flies  emerged  in  very  variable  proportions  from  the 
different  lots  of  puparia.  The  emergence  in  a  few  instances  was  well 
up  toward  100  per  cent.  In  others  it  was  much  lower,  and  in  a  few 
none  of  the  flies  completed  their  transformations.  The  reasons  for 
these  differences  were  not  obvious  in  every  instance,  but  it  was  ob- 
vious that  unless  conditions  are  practically  identical  with  those  which 
prevail  in  the  open,  the  flies  will  fail  to  issue  in  the  spring.  Moisture 
is  an  essential,  but  is  by  no  means  the  only  essential  to  success.  Nor 
can  failure  be  attributed  to  unduly  high  or  low  temperatures,  or  un- 
natural and  abrupt  changes  in  the  temperature  during  the  period  of 
hibernation. 

The  average  percentage  of  emergence  from  all  of  the  different  lots 
of  pupae  has  not  been  as  yet  accurately  calculated,  but  it  was  far  in 
excess  of  any  that  was  secured  before,  and  three  colonies  which  were 
considered  to  be  satisfactorily  large  and  strong  were  estabUshed  in 
different  parts  of  the  infested  area.  It  was  not  really  expected  that 
any  of  the  new  generation  would  be  recovered  from  the  field  during 
the  course  of  the  first  season,  and  it  was  therefore  considered  a  par- 
ticularly good  omen  when  a  few  were  recovered,  without  difficulty, 
and  under  conditions  which  indicated  that  dispersion  at  a  quite  rapid 
rate  had  accompanied  a  rapid  rate  of  mcrease.  The  species  has  not 
yet  been  placed  on  the  fist  of  those  considered  as  thoroughly  estab- 
lished, since  it  is  not  certain  that  it  will  pass  through  the  complete 
seasonal  cycle  in  the  field,  but  it  is  confidently  exj)ected  that  it  will 
live  through  successfully  and  that  it  will  be  recovered  in  1911  in  larger 
numbers.  If  these  expectations  are  realized  there  is  every  reason  to 
beheve  that  it  will  become  a  parasite  of  consequence  within  the  next 
five  years. 
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Curiously  enough,  among  the  imported  gipsy-moth  enemies  that 
which  most  nearly  resembles  Blepharipa  (if  the  practically  identical 
Crossocosmia  be  excepted)  in  the  part  which  it  will  probably  take  in 
the  control  of  the  gipsy  moth  is  Calosoma  sycophanta.  No  two  of  the 
imported  enemies  diflFer  more  radically  in  their  method  of  attack 
than  do  these,  the  extent  of  their  differences  being  fairly  well  exem- 
plified by  the  fact  that  the  gipsy  moth  eats  Blepharipa,  while  the 
Calosoma  eats  the  gipsy  moth,  which  is  literally  true. 

In  one  very  important  respect  they  are  similar  in  that  both  are 
able  to  exist  continuously  upon  the  gipsy  moth  without  being  forced 
to  have  recourse  to  any  other  insect  so  long  as  the  gipsy  moth  retains 
a  certain  degree  of  abundance.  Both  work  to  their  best  advantage 
and  multiply  most  rapidly  at  the  expense  of  the  moth  when  the  lat- 
ter is  superabundant. 

It  is  only  necessary  to  consider  the  powers  of  reproduction  (poten- 
tially several  thousandfold)  possessed  by  the  tachinid  to  see  what  an 
enormous  rate  of  increase  is  likely  to  prevail  in  localities  where  prac- 
tically complete  defoliation  occurs  without  becoming  so  complete  as 
to  bring  about  wholesale  destruction  of  the  gip^y  moth  through 
disease.  Under  such  circumstances  a  very  large  proportion  of  the 
eggs  deposited  upon  the  foliage  would  perforce  be  eaten,  as  compared 
with  the  proportion  eaten  were  the  caterpillars  present  in  small  num- 
bers. The  percentage  of  parasitism  would  remain  practically  the 
same  in  both  instances,  but  the  gross  number  of  parasites  completing 
their  transformations  would  be  tremendously  increased  with  a  result- 
ing increase  in  the  percentage  of  parasitism  the  following  generation, 
whenever  the  gipsy  moth  becomes  unduly  abundant.  In  like  manner 
the  Calosoma,  which  works  at  a  disadvantage  when  the  caterpillars  are 
scarce,  finds  the  conditions  resulting  through  superabundance  excep- 
tionally favorable  for  its  rapid  increase. 

Theoretically,  therefore,  Blepharipa  ought  to  act  as  an  agent  in 
the  reduction  in  the  prevailing  numbers  of  the  gipsy  moth  whenever 
it  exceeds  a  certain  degree  of  abundance,  and  this  is  the  rdle  which 
it  is  expected  to  play.  Theoretically,  Calosoma  will  play  practically 
the  same  rdle.  Together  their  activities  ought  to  result  in  the  break- 
ing up  of  dangerous  colonies  of  the  gipsy  moth,  and  thereby  render 
the  work  of  the  other  parasites  and  of  such  native  enemies  as  birds, 
predatory  bugs,  etc.,  doubly  effective. 

COMPSILURA   CONCINNATA   MEIG. 

Quite  a  good  many  of  the  parasites  of  the  gipsy  moth  attack  the 
brown-tail  moth  also,  but  there  is  only  one  among  them,  CompsUura 
condnnata  (fig.  41),  which  is  equally  important  as  a  parasite  of  both. 
The  remainder,  if  they  attack  both  hosts,  are  more  or  less  partial  to 
one  or  the  other. 
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In  its  method  of  attack  Compsilura  is  the  opposite  of  Blepharipa. 
Its  eggs  hatch  in  the  uterus  of  the  mother,  and  the  tiny  magots  are 
deposited  beneath  the  skin  of  the  host  caterpillar  by  means  of  a 
sharp,  curved  *  4arvipositor,"  which  is  situated  beneath  the  abdomen. 
They  usually  seek  the  alimentary  canal,  in  the  walls  of  which  they 
establish  themselves  during  the  first  stage  of  their  larval  existence. 

Growth  is  rapid,  and  in  the  summer  is  in  no  way  correlated  with 
the  growth  and  development  of  the  host.  About  two  weeks  are 
required  for  the  complete  development  of  the  maggot,  irrespective 
of  the  stage  of  the  host  at  the  time  of  attack,  and  at  the  end  of  that 
period  it  issues,  and  usually  drops  to  the  ground  for  pupation.  The 
puparia  from  maggots  which  issue  from  caterpillars  which  have  spun 
for  pupation  are  not  infrequently  found  in  the  cocoons  in  the  case  of 
the  brown-tail  moth; 
and  even  in  the  case 
of  the  gipsy  moth, 
which  does  not  spin 
cocoons  worthy  of  the 
name,  the  puparia  are 
often  found  immedi- 
ately associated  with 
the  host  remains. 

It  requires  a  sur- 
prisingly shoft'^^time 
for  the  females  to  at- 
tain full  sexual  matur- 
ity after  their  emer- 
gence, three  or  four 
days  apparently  being 
sufficient.  This,  with 
two  weeks  for  the 
growth  of  the  larva,  and  one  week,  or  perhaps  a  little  more,  for  the 
pupal  period,  makes  possible  a  generation  every  four  weeks  during 
the  warmer  months  of  the  year. 

The  position  of  the  larva  in  the  alimentary  canal,  together  with 
certain  structural  characteristics,  consisting  of  minute  anal  hooks, 
which  are  only  known  amongst  other  first-stage  tachinids  in  the  very 
similar  genus  Dexodes,  makes  possible  the  quite  accurate  determina- 
tion of  Compsilura  condnnata  from  its  first-stage  larva  alone,  and 
only  from  observations  which  have  been  made  upon  these  larvae  is 
it  possible  to  say  anything  definite  and  at  first  hand  concerning  its 
habits  of  hibernation.  Larvae,  which  are  almost  certainly  Compsi- 
lura condnnata,  have  been  occasionally  found  in  livijig  brown-tail 
inoth  caterpillars  during  the  winter  months.  It  is  presumed  if  these 
larvae  were  able  to  mature  under  these  circumstances,  that  they 


FiQ.  41. —Compsilura  concimiata:  Adult  female  and  details, 
enlarged.    (Original.) 
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would  have  been  reared  before  now  from  some  among  the  hundreds 
of  thousands  of  brown-tail  caterpillars  which  have  been  carried 
through  their  first  three  or  four  spring  stages  in  the  laboratory.  None 
having  been  reared  under  these  circumstances,  the  only  logical  con- 
clusion is  that  they  start  into  activity  so  early  and  develop  so  rapidly 
as  to  cause  the  death  of  the  host  before  they  are  sufficiently  advanced 
to  pupate  successfully.  Tliis  is  not  necessarily  the  true  explanation 
of  the  failure  to  rear  the  species  from  hibernating  brown-tail  cater- 
pillars fed  in  confinement,  but  it  appears  to  be  the  best. 

Ordinarily  in  the  summer  the  larvae  do  not  pass  over  into  the  pupa 
of  the  host,  but  occasionally  they  do  so.  In  the  late  summer  and 
fall,  when  the  host  caterpillar  is  of  a  species  which  hibernates  as  a 
pupa,  the  parasite  appears  to  be  aware  of  that  fact  in  some  subtle 
manner,  and  likewise  prepares  for  hibernation.  Its  larvae  (or  what 
are  without  much  doubt  its  larvae)  have  several  times  been  found  in 
hibernating  pupae  of  several  species.  The  adult  has  never  yet  been 
reared  from  pupae  under  these  circumstances,  and  the  record  is  on 
that  account  open  to  some  question. 

The  larger  i)art  of  the  Compsilura  which  were  imported  from  1906  to 
1908,  inclusive,  issued  from  puparia  (PI.  XX,  fig.  I)  found  free  in  the 
boxes  of  brown-tail  caterpillars  from  abroad.  A  companion  species, 
Dexodes  nigripes,  which  is  indistinguishable  from  Compsilura  in  any 
of  its  preparatory  stages,  litis  also  been  reared  under  exactly  similar 
circumstances,  but  curiously  enough,  if  Compsilura  was  common  in 
material  from  the  same  locality,  Dexodes  was  apt  to  be  rare,  or  vice 
versa.  Some  few  were  reared  from  gipsy-moth  importations  during 
this  same  period,  but  not  in  anything  like  the  numbers  which  were 
secured  from  the  brown-tail  moth  material,  and  it  was  not  considered 
as  of  particular  importance  as  a  gipsy-moth  parasite  until  1909, 
when  it  was  found  to  be  very  common  among  the  tachinid  parasites 
secured  from  shipments  of  gipsy-moth  caterpillars  from  southern 
France. 

The  first  colonies  of  Compsilura  were  planted  in  various  localities 
within  the  gipsy-moth  infested  area  in  1906,  and  in  1907,  according 
to  the  records  of  the  laboratory,  a  single  fly  was  reared  from  gipsy- 
moth  caterpillars  collected  in  the  immediate  vicinity  of  one  of  these 
colonies.  There  is  some  reason  to  doubt  the  truth  of  this  record, 
since  every  attempt  at  recovery  made  in  1908  failed. 

In  1907  a  much  larger  colony  than  any  ever  Uberated  before  was 
located  in  the  town  of  Saugus,  in  the  near  vicinity  of  one  of  those  of 
the  previous  season.  In  1908  none  was  colonized.  In  1909  several 
very  large  and  satisfactory  colonies  were  planted  in  several  places 
within  the  infested  area,  and  for  the  first  time  it  was  felt  that  the 
species  had  been  given  a  fair  opportunity  to  prove  its  efl^ectiveness 
as  an  enemy  of  the  gipsy  moth  and  brown-tail  moth  in  America. 
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Plate  XX. 
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Hardly  was  the  final  establishment  of  what  was  for  a  few  days 
considered  to  be  the  first  satisfactory  colony  of  Compsilura  condn^ 
nata  accomplished  than  the  necessity  for  the  expenditure  of  further 
labor  on  its  account  was  obviated  by  the  discovery  that  it  could  be 
ret^overed  from  the  field  in  small  but  at  the  same  time  in  very  satis- 
factory numbers.  Only  an  insi^ficant  number  was  reared  from  the 
collections  of  gipsy-moth  cateri)illars  made  in  1909,  but  later  in  the 
fall  of  that  year  field  men  who  were  scouting  for  evidences  of  the 
spread  of  Calosoma  and  searching  under  burlap  bands  for  its  molted 
larval  skins  began  to  bring  into  the  laboratory  bona  fide  puparia  of 
Compsilura  found  under  the  same  circumstances.  It  was  thus  pos- 
sible to  delimit  its  range  with  some  accuracy,  and  it  was  found  to 
extend  over  a  considerable  territory,  with  the  1906-7  colony  in 
Sau^us  much  nearer  to  its  center  than  any  other  more  recently 
located  colony.  (See  fig.  42.)  There  could  be  no  doubt  that  the 
species  was  well  established  and  spreading  and  multiplying  at  a  rapid 
rate. 

The  results  of  the  season  of  1910  were  awaited  with  very  great 
interest,  in  expectation  that  they  would  confirm  those  of  the  year 
before.  That  these  were  confirmed,  and  most  conclusively  and 
satisfactorily,  is  evidenced  by  the  results  of  the  rearing  work  as 
summarized  in  Tables  IV  and  V  (pp.  141,  142),  which  give  the 
results  of  rearing  work  for  that  year.  The  total  number  of  the 
parasites  reared  or  otherwise  recovered  from  the  field  as  indicated 
by  these  tables  is  very  far  short  of  the  total  secured. 

Compsilura  concinnata  is  recorded  as  a  parasite  of  a  large  number 
of  hosts  in  Europe,  and  will  doubtless  be  foimd  to  attack  an  equally 
large  number  in  America  when  it  shall  have  become  thoroughly 
estabhshed  and  abundant  over  a  wide  territory.  Already  some  half 
dozen  native  hosts  are  known,  and  it  would  easily  be  possible  to 
double  or  treble  this  list  in  the  course  of  another  season's  work, 
should  it  be  conducted  with  that  end  in  view. 

Few  subjects  for  speculation  are  so  overcrowded  with  possibilities 
as  that  of  the  effect  which  the  importation  of  new  parasites  having 
a  wide  range  of  hosts  will  have  upon  native  parasites  and  their  hosts. 
The  increasing  abundance  of  Compsilura  offers  a  most  excellent 
opportunity  to  answer  numerous  questions  which  naturally  arise 
when  this  subject  is  considered,  and  it  is  hoped  that  it  may  bo  made 
the  most  of.  Already  several  highly  significant  observations  have 
been  made. 

One  of  the  most  interesting  of  these  resulted  from  a  series  of  col- 
lections of  tussock-moth  caterpillars  made  by  Mr.  Wooldridge  in 
the  summer  of  1910  for  the  purpose  of  determining  the  prevalence 
of  parasitism  in  various  locaUties  and  under  slightly  different  condi- 
tions.    All  of  these  collections  were  of  necessity  made  under  urban 


Digitized  by 


Google 


222 


PARASITES  OF   GIPSY   AND  BROWN-TAIL  MOTHS. 


conditions,  since  the  tus^ck  moth  is  rare  in  the  country  in  eastern 
Massachusetts,  and  while  it  was  expected  that  Compsilura  would 
eventually  be  recovered  as  a  parasite  of  this  host,  it  was  hardly 
expected  that  it  would  become  of  importance  as  a  parasite  so  soon 
as  1910,  or,  for  that  matter,  that  it  would  become  of  importance  as  a 
parasite  in  cities  at  any  time. 


\7VIVA/S  iVA/£P€  CO/^PS/L(/PA  COAfC/NA/ATA 
^lA/AS  /VC/A/O  ^/?AS/77C  OA^  BROIA^A/-TA/L  /A/  /SOS- 


TOWA/S  IV//£/?£:  COAfP- 
^S/LURA  COA/C/A/A/ATA  iVAS 
fOOAfO  fWfASmC  OA/ BffOmHA/L  /A/ 


372^^^  \A/H£P£  COAfPS/LURA  L 
^COA/C/A/AMTA  H^AS  POOA/O  P^P^ 
S/T/C  ONP/EPfS  /A/  PALL  OT/S/O* 


Fio.  42.— Map  showing  distribution  of  CompsUura  condnnata  in  Massachusetts.    (Original.) 

The  only  one  of  the  localities  chosen  for  the  tussock-moth  col- 
lections which  was  within  the  Umits  of  Compsilura's  distribution 
so  far  as  known  when  the  work  was  instituted  was  in  the  city  of 
Lynn,  Mass.,  and  from  this  a  total  of  110  caterpillars  was  collected 
on  July  18,  1910.  On  July  29  the  tray  in  which  they  were  contained 
was  carefully  examined.     Thirteen  of  the  tussock-moth  caterpillars 
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had  pupated  and  remained  alive.  The  remainder  had  died,  principally 
as  the  result  of  parasitism. 

In  all  96  tachinid  puparia  and  1  cocoon  of  Meteorus  were  found. 
Of  these  puparia  95  were  CompsUura  concinnata  and  the  other 
apparently  TacMna  rneUa,  The  Meteorus,  incidentally,  proved  to 
be  of  the  introduced  species,  Meteorus  versicolor. 

Parasitism  by  native  tachinids  was  probably  considerably  higher 
than  would  be  indicated  by  the  fact  that  only  a  single  puparium 
was  secured  as  against  95  of  the  imported  species,  but  because  the 
latter  completes  its  larval  development  much  more  rapidly  than 
does  Tdchina  meUay  it  would  almost  certainly  be  the  victor  in  case 
of  a  conflict. 

Later  collections  of  tussock-moth  caterpillars  made  for  the  express 
purpose  of  determining  the  Umits  to  the  distribution  of  Compsilura 
resulted  in  its  discovery  throughout  practically  all  of  greater  Boston, 
and  it  may  be  that  it  will  have  some  effect  in  reducing  the  importance 
of  this  insect  as  a  pest  in  that  city  and  its  suburbs.  With  the  end 
of  experimenting  further  along  this  line  the  puparia  secured  from 
the  Lynn  collection,  together  with  several  hundred  more  from  gipsy- 
moth  caterpillars,  were  sent  to  Washington,  where  they  were  liberated 
upon  the  grounds  of  the  Department  of  Agriculture,  where  the  tussock 
moth  is  periodically  a  pest. 

Another  indication  of  good  which  may  possibly  result  from  the 
introduction  of  this  tachinid  resulted  from  an  investigation,  begun  in 
September,  1910,  by  Mr.  J.  D.  Tothill,  into  the  parasites  of  the  imported 
cabbage  butterfly  ([Pieris]  Pontia  rapse  L.).  He  found  that  in  locaU- 
ties  where  Compsilura  was  known  to  h&  common  the  summer  before, 
it  was  actually  abundant  as  a  parasite  of  this  pest,  and  as  high  as  40 
per  cent  had  been  attacked  in  some  instances. 

There  is  no  native  tachinid  known  to  have  quite  the  same  habits 
as  Gom]>silura,  neither  is  there  any  with  quite  so  varied  a  list  of 
hosts.  Both  the  cabbage  butterfly  and  the  tussock  moth  are  com- 
monly considered  as  pests,  the  one  generally  and  the  other  in  cities, 
and  both  can  probably  sustain  additional  parasitism  without  much 
difficidty.  But  in  the  case  of  the  other  native  insects  Uable  to  attack 
by  the  imported  parasite,  and  already  thoroughly  well  controlled  by 
various  agencies,  of  which  parasitism  is  one,  the  outcome  of  the 
struggle  which  is  likely  to  ensue  is  probably  going  to  be  different. 
In  the  case  of  such  an  one  it  is  reasonably  safe  to  predict  that  one  of 
two  things  will  happen.  Either  the  prevailing  abundance  of  the 
host  will  be  reduced  through  the  introduction  of  a  new  factor  into 
its  natural  control,  or  the  host  will  maintain  its  present  relative 
abundance,  and  its  parasites  will  suffer  directly  in  the  struggle  into 
which  they  will  be  forced  by  the  advent  of  the  tachinid. 
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It  is  yet  too  soon  to  begin  to  speculate  upon  what  the  actual  out- 
come in  specific  instances  will  be.  An  investigation  of  the  parasites 
of  the  fall  webworm  was  undertaken  in  the  fall  of  1910  on  the  suppo- 
sition that  Compsilura  would  find  it  an  acceptable  host,  but  although 
it  is  freely  attacked  when  outside  of  its  web  in  rearing  cages  in  the 
laboratory,  it  was  not  at  all  commonly  attacked  in  the  open,  as  will 
be  seen  by  reference  to  the  brief  summary  of  the  results  of  the  work 
in  the  concluding  pages  of  this  bulletin. 

There  has  never  been  a  good  oj)portunity  to  study  the  parasites 
of  the  Tachinidap,  owing  to  the  fact  that  some  of  the  species  pupate 
upon  or  beneath  the  surface  of  the  soil,  and  are  therefore  difficult  to 
find  in  sufficient  quantities  to  make  a  comprehensive  study  possible. 
So  abundant  was  Comj)silura,  however,  as  to  make  it  possible  to 
collect  its  puparia  in  considerable  abundance  and  with  comparatively 
little  trouble  at  the  base  of  trees  upon  wliich  the  gipsy-moth  cater- 
pillars were  common,  and  accordingly  a  number  was  so  collected  in 
the  late  summer  of  1910.  Not  enough  attention  was  given  to  the 
work  to  make  the  results  as  definite  as  is  desired,  ^but  these  were 
sufficient  to  indicate  that  secondary  panusitism  was  undoubtedly  of 
very  common  occurrence,  and  that  it  might  be  a  factor  of  some  con- 
sequence in  Umiting  the  effectiveness  of  the  parasite.  No  less  than 
six  species  of  secondaries  were  reared,  including  Monodontomerus 
sereuSj  which  was  common,  Dibrachys,  another  small  chalcidid,  a 
species  of  Chalcis,  a  proctotrypid,  and  a  Phygadeuon.  It  is  hoped 
that  circumstances  will  permit  of  a  more  thorough  study  of  this 
subject  in  1911,  and  should  the  parasite  show  an  increase  propor- 
tionate to  that  which  was  indicated  by  its  abundance  m  1910  over 
that  of  1909,  the  project  should  be  very  easy  of  accomplishment. 

It  is  fortunate  that,  under  the  present  circumstances,  vni\\  the 
gipsy  moth  and  the  brown-tail  moth  both  exceedingly  abundant  and 
uncontrolled,  there  should  be  at  least  one  parasite  which  was  equally 
drawn  toward  both.  It  is  easily  j)ossible  that  the  first  individuals 
which  are  reared  upon  the  browTi-tail  moth  as  a  host  may  attack  the 
full-fed  caterpillars  for  a  j)artial  sec(md  generation  the  same  season, 
and  then,  together  with  the  bulk  of  the  brood  coming  from  this  host, 
turn  their  undivided  attention  to  the  gipsy-moth  caterpillars.  In  a 
similar  manner  the  first  individuals  to  go  through  their  transforma- 
tions upon  the  gii)sy  moth,  together  with  the  partial  second  genera- 
tion upon  the  brown-tail  moth,  may  attack  the  less  advanced  gipsy- 
moth  caterpillars  for  a  partial  third  brood  before  the  necessity  for 
an  alternate  host  becomes  apparent. 

There  is  thus  possible  uninterrupted  increase  for  two  complete  gen- 
erations at  least,  and  probably  for  a  partial  third,  but  unfortunately 
the  necessity  for  an  alternate  host,  though  delayed  until  no  more  than 
one  such  host  is  necessar}'  in  order  that  the  seasonal  cycle  may  be 
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rounded  out,  is  not  done  away  with.  Unless  the  parasite  hibernates 
m  the  brown-tail  caterpillars  such  a  host  must  be  found  among  the 
native  Lepidoptera,  and  while  the  number  of  species  available  prob- 
ably runs  into  the  hundreds,  they  are,  with  few  exceptions,  already 
controlled  by  their  native  parasites.  Compsilura,  if  it  continues  to 
increase,  will  have  to  overcome  these  parasites  in  the  competitive 
struggle  for  possession,  and,  as  already  stated,  the  outcome  of  this 
struggle  is  awaited  with  interest.  Upon  it  will  very  largely  depend 
the  effectiveness  of  Compsilura  as  a  parasite  of  the  gipsy  moth  and 
the  brown-tail  moth  in  America. 

TACHINA   LARVARUM   L. 

This  rather  important  parasite  of  the  gipsy  moth  (fig.  43),  and  to  a 
more  Umited  extent  of  the  brown-tail  moth  in  Europe,  is  so  simi- 
lar to  the  Ameri- 
can Tdchina  meUa 
Walk,  as  to  make 
the  separation  of 
the  two  by  struc- 
tural characters 
alone  difficult  at 
best,  and  in  some 
instances  impossi- 
ble. It  is  similarly 
closely  allied  to 
Tachina  japonica 
Towns.,  and  the 
three  species  or 
races  appear  to  oc- 
cupy about  the 
same  position  in 
the  natural  order 
of  things  in  the  several  countries  which  they  inhabit.  The  European 
and  the  American  are  both  quite  catholic  in  their  host  relations,  and 
wliile  the  same  can  not  be  said  of  the  Japanese  in  the  present  state 
of  our  knowledge,  it  will  doubtless  be  found  true  when  this  knowledge 
shall  be  more  extensive. 

From  an  economic  standpoint  Tachina  mella  and  Tachina  larvarum 
are  distinct  enough  specifically,  if  we  are  to  consider  their  parasitism 
from  an  economic  aspect,  since  the  one  is  habitually  and  commonly  a 
parasite  of  the  gipsy  moth,  while  the  other  is  not.  It  would  appear  that 
Tachina  meUa  attacks  the  gipsy  moth  quite  as  freely  in  America  as 
Ta^ihina  larvarum  does  in  Europe,  but,  as  has  already  been  mentioned, 
the  attack  is  not  successful  from  either  the  economist's  or  the  parasite's 
point  of  view. 

95677"— Bull,  91—11 ^15 


FlO.  43.—  TachiTia  larvarum:  Adult  female  and  head  in  profile. 
(Original.) 


Enlarged. 
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This  is  one  of  the  less  striking  of  several  examples  of  a  species  which 
differs  from  another  in  biological  rather  than  in  structural  charac- 
teristics. Others  are  to  be  found  in  the  European  race  of  Tricho- 
gramma,  in  the  Japanese  Apanteles  parasitic  upon  Euprocti^  cotv- 
spersa,  which  so  resembles  the  brown-tail  Apanteles  of  Europe,  or  in 
Parexarista  cJieloniae,  examples  which  will  be  again  referred  to  on 
subsequent  pages. 

The  large,  flattened,  and  conspicuous  eggs  characteristic  of  Tachina 
and  its  allies  are  the  most,  and  in  fact  the  only  familiar  t}T)e  of  tachinid 
eggs,  and  they  are  deposited  before  embryological  development  has 
taken  place  in  at  least  a  part  of  the  instances  which  have  come  uncler 
direct  observation.  The  larva  issues  through  an  irregular  hole  in  one 
end,  and  immediately  forces  an  entrance  through  the  skin  of  its  host. 
The  life  cycle  is  longer  than  in  the  case  of  Compsilura,  but  just  how 
much  longer  is  not  known.  Sometimes  the  larva  is  carried  over  into 
the  pupa  of  its  host,  but  not  ver>^  often.  Very  frequently  it  kills  the 
host  after  it  has  prepared  for  pupation.  Nearly  always  it  leaver  the 
host  remains  before  pupating,  on  its  own  account,  but  occasionally 
puparia  within  the  caterpillar  skin  or  pupal  shell  are  found. 

The  puparium  (PI.  XX,  fig.  2),  unfortunately,  is  practically  insepa- 
rable from  that  of  Trichohjga  grand  is  or  Parasetigena  segregaia  in  its 
structural  details,  so  that  it  is  necessary  to  rear  the  fly  before  the  spe- 
cies can  be  determined. 

As  a  parasite  of  the  gipsy  moth,  Tacliina  larvarum  may  and  some- 
times does  take  preeminent  rank.  Caterpillars  from  Holland  have 
been  received  from  which  more  puparia  were  secured  than  there  were 
hosts,  and  the  same  has  occurred  on  at  least  one  other  occasion  in  the 
instance  of  a  box  of  caterpillars  from  Italy.  When  Trichohjga  grandis 
is  common,  Tachina  larvarum  is  rare,  or  at  least  has  been  rare  in  each 
instance  in  which  the  two  species  have  been  specifically  determined 
as  they  issued  from  the  imported  material.  It  has  also  been  entirely 
absent  from  some  lots  of  caterpillars  which  did  not  produce  Tricholyga. 

It  was  about  the  first,  if  not  the  very  first,  parasite  to  be  received 
alive  in  the  course  of  the  parasite-introduction  work,  and  mention 
will  be  found  in  Mr.  Kirkland's  first  report  as  superintendent  of  moib 
work,  of  its  having  been  reared  from  Italian  material  in  1905.  It  wa3 
not  secured  in  suflicient  abundance  to  make  colonization  possible 
until  1906,  but  in  that  year  quite  a  number  of  small  colonies  was 
planted  in  various  localities  in  the  infested  territory.  In  1907  it  was 
received,  but  in  not  such  hxrge  numl)erSj  and  still  smaller  numbers 
were  secured  and  colonized  in  1908.  In  1909,  for  the  first  time,  really 
satisfactory  colonies  were  planted,  and  one  of  these  colonies  was 
strengthened  by  the  liberation  of  more  individuals  in  1910. 

So  far  as  it  has  been  possible  to  determine,  no  results  followed  these 
several  attempts  at  colonization.     Of  all  of  the  tachinids  liberated  in 
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1906,  this  was  colonized  the  most  satisfactorily,  or  so  it  is  believed 
(having  been  confused  with  Trichohjga  grandis  it  is  impossible  to  state 
definitely  which  of  the  two  was  the  more  abundantly  reared  and 
liberated  that  year),  and  it  ought  to  have  been  recovered  by  1910  if 
it  is  ever  to  be  recovered  as  a  result  of  early  colonizations.  That  it 
has  not  been  recovered  as  a  result  of  the  1909  colonization  work  is  not 
at  all  surprising,  because  there  is  every  prospyect  of  two  or  three  years 
elapsing  between  the  Uberation  and  the  recovery  of  any  species,  and 
mwe  particularly  of  those  which,  like  Tachina  and  many  others  of  the 
tachinid  parasites  of  both  the  gipsy  moth  and  the  brown-tail  moth, 
are  not  received  from  abroad  until  after  the  season  is  so  far  advanced 
as  to  make  immediate  reproduction  upon  either  of  the  hosts  mentioned 
impossible. 

It  is  unfortunately  true  that  it  would  be  impossible  to  distinguish 
it  from  Tachina  meUaj  should  it  be  reared,  since  T.  meUa  is  occasionally 
reared  as  a  parasite  of  the  gipsy  moth  or  the  brown-tail  moth,  but  it 
is  still  more  unfortunate  that  no  adults  of  any  species  which  could  by 
any  possibility  be  referred  to  either  were  reared  in  1910  from  the 
gipsy  moth. 

In  1910  Messrs.  Thompson  and  TothiU  conducted  an  experiment  to 
determine  whether  T,  meUa  and  T,  larvarum  would  hybridize.  The 
results  were  negative,  and  not  of  sufficient  strength  to  be  at  all  deci- 
sive. If  it  could  be  proved  that  hybridization  took  place  freely,  the 
fact  in  itself  would  probably  be  sufficient  to  render  the  European 
species  of  no  account  as  an  enemy  of  the  gipsy  moth  in  America. 
Interbreeding  with  a  vastly  superior  number  of  another  race,  the 
principal  and  only  economically  important  distinguishing  characteris- 
tic of  which  was  inability  to  breed  upon  a  certain  host,  would  un- 
doubtedly result  in  the  sinking  of  the  racial  characteristic,  and  T. 
hrvarum  as  a  race  would  almost  immediately  cease  to  exist.  This  is 
the  more  probable  in  the  light  of  the  experiences,  yet  to  be  related, 
which  attended  the  attempted  introduction  of  the  brown-tail  ])arasite 
Parexorista  cJielonise, 

On  this  account,  and  on  no  other,  Tachina  larvarum  has  been  ten- 
tatively eliminated  from  the  list  of  promising  parasites  of  the  brown- 
tail  moth  and  the  gipsy  moth.  It  may  not  establish  itself  here  in 
America,  and  under  the  peculiar  circumstances,  proof  to  the  con- 
trar}"  being  lacking,  its  possible  hybridization  may  make  further 
attempts  to  import  it  liseless. 

TACHINA    JAPONKA    TOWNS. 

Pretty  nearly  all  that  has  been  said  of  Tachina  larvarum  may  be 
said  with  equal  truth  of  Tachina  iaponica,  in  so  far  as  its  value  in 
America  is  concerned.  It  may  possibly  be  that  it  is  sufficiently 
distinct  as  a  species  to  make  possible  its  successful  establishment, 
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even  presuming  that  T,  larvarum  should  not  be  established,  but  the 
chances  are  not  particularly  in  favor  of  such  an  outcome.  It  has 
not  been  so  long  nor  so  satisfactorily  colonized,  and  there  is  yet  a 
chance  that  it  will  be  recovered  as  a  result  of  the  colonies  which  have 
been  planted,  or  which  are  likely  to  be  planted  in  the  future.  No 
especial  attempt  will  be  made  to  test  its  ability  to  exist  as  a  race  apart 
from  T.  meUn,  but  it  is  expected  that  its  puparia  will  be  imported  in 
some  numbers  in  1911  or  in  1912,  in  connection  with  work  involving 
the  importation  of  other  Japanese  parasites. 

TRICHOLYGA    GRANDI8  ZETT. 

Although  generically  distinct  from  Tachina,  according  to  the  at 
present  accepted  and  as  is  increasingly  evident  artificial  classification 
of  the  Tachinidae,  Tncholyga  grandis  is  so  similar  to  Tachina  meUa 
and  T.  larvarum  as  sometimes  to  be  separated  with  difiiculty  from 
those  species.  In  Europe  Tachina  and  Tricholyga  attack  the  gipsy 
moth  with  nearly  equal  freedom,  but  relatively  a  very  few  Tricholyga 
have  been  reared  from  the  brown-tail  moth.  The  fact  that  Tachina 
and  Tricholyga  do  not  usually  occur  in  the  same  locality  the  same 
year  has  already  been  the  subject  of  comment.  If  may  be  that  a 
careful  review  of  the  rearing  records  of  the  two  will  show  that 
Tricholyga  is  increasingly  important  as  a  parasite  in  the  more  south- 
erly localities,  but  such  review  has  not  been  made  with  this  point  in 
view. 

It  was  not  until  1909  that  it  was  definitely  separated  from  Tachina 
in  the  records  of  the  rearing  and  liberation  of  the  tachinid  parasites, 
and  up  to  1908  the  two  species  were  so  inextricably  mixed  as  to  make 
it  very  difficult  to  state  with  any  approach  to  accuracy  the  relative 
proportions  of  the  two  among  the  number  colonized.  There  was 
only  a  single  specimen  of  Tricholyga  among  the  several  Tachina  which 
were  preserved  for  museum  specimens  from  among  those  imported 
in  1906  and  1907,  and  on  this  account  it  is  probable  that  Tachina  was 
in  the  considerable  majority. 

In  habits  Tricholyga  differs  from  Tachina  in  only  a  single  con- 
spicuous respect.  It  deposits  the  same  sort  of  eggs,  similarly  placed; 
its  larvae  appear  to  have  the  same  feeding  habits,  and  about  the  same 
length  of  life  cycle;  but  unlike  Tachina  it  seems  habitually  rather 
than  occasionally  to  pupate  within  the  caterpillar  skin  or  pupal  shell 
of  its  victim.  On  this  account  some  of  its  puparia  have  been  diffi- 
cult to  find  in  the  boxes  of  imported  caterpillars,  and  it  has  been 
found  advisable  when  they  are  present  at  all,  to  keep  the  dead  cater- 
pillars inclosed  until  such  flies  as  are  present  have  emerged. 

Like  Tachina,  it  probably  hibernates  in  the  puparium,  but  neither 
of  the  two  has  ever  attempted  to  hibernate  when  reared  from  im- 
ported European  gipsy-moth  caterpillars.     The  introduction  and 
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establishment  of  Tricholyga  will  depend  upon  the  existence  of  an 
alternate  host,  and  its  effectiveness  as  a  parasite  upon  its  ability  to 
make  a  place  for  itself  in  the  established  American  fauna.  Several 
attempts  to  secure  its  reproduction  in  the  laboratory  on  other  hosts 
than  the  gipsy  moth  have  been  measurably  successful,  and  there  is 
good  reason  to  believe  that  it  will  find  conditions  suitable  to  its  con- 
tinued existence  here. 

Notwithstanding  its  similarity  to  Tachina  it  appears  to  be  a  per- 
fectly good  and  distinct  species,  and  since  it  is  not  known  to  be 
represented  by  any  very  close  ally  in  America,  the  objections  which 
have  been  raised  against  the  probable  establishment  of  Tachina  do 
not  apply. 

It  is  unfortunately  impossible  to  say  more  concerning  the  likeli- 
hood of  its  becoming  established  here,  since  there  is  much  doubt  con- 
cerning its  colonization.  If ,  as  is  possible,  it  formed  the  bulk  of  the 
so-called  Tachina  liberated  in  1906  and  1907,  it  ought  to  have  been 
recovered  before  now;  if,  on  the  contrary,  it  was  sparingly  present 
among  the  tachinids  reared  and  liberated  during  those  years,  there  is 
no  reason  to  expect  its  recovery  before  1911,  and  perhaps  not  until 
1912,  as  the  direct  result  of  the  large  colonies  which  were  liberated 
in  1909,  and  which  would  represent  the  first  satisfactory  colonization 
of  the  species  in  America. 

In  the  popular  bulletin  issued  in  the  spring  of  1910,  through  the 
office  of  the  State  forester  of  Massachusetts,  it  was  stated  that  in  the 
fall  of  1909  it  had  already  been  recovered  upon  several  occasions  as  a 
parasite  of  the  gipsy  moth,  and  under  such  circumstances  as  to  make 
it  possible  that  it  was  already  established  and  dispersing  rapidly. 
This  statement  was  in  part  at  least  based  upon  erroneous  identification, 
but  at  the  present  date  it  is  expected  that  1911,  or  at  the  latest  1912, 
will  see  its  recovery  under  bona  fide  circumstances  as  an  established 
and  promising  parasite  of  the  gipsy  moth. 

PARASETIGENA  SEGREGATA  BOND. 

A  third  species  of  the  group  which  includes  Tachina  and  Tricholyga, 
and  which  deposits  similar  large,  flattened  eggs,  is  to  be  found  in 
Parasetigena  segregata,  which  occurs  throughout  Europe  in  very 
variable  abundance  as  a  parasite  of  the  gipsy  moth,  but  not  of  the 
brown-tail  moth.  It  ia  the  one  species  of  gipsy-moth  parasite  which 
appears  to  be  more  common  toward  the  northern  limits  of  the  range 
of  this  particular  host,  a  fact  which  may  be  explained  in  part  by  the 
fact  that  it  is  a  common  parasite  of  the  nun  moth  (Liparis  monacha  L.) 
as  well.  It  differs  from  either  Tachina  or  Tricholyga  in  that  it  has  but 
a  single  generation  a  year.  It  hibernates  in  the  puparium,  and  the 
flies  issue  coincidently  with,  or  perhaps  if  anything  a  little  in 
advance  of,  those  of  Blepharipa  in  the  spring. 
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Consequently  it  possesses  the  material  advantage  of  being  in- 
dependent of  an  alternate  host,  and  theoretically  there  is  nothing 
to  prevent  its  rapid  increase  whenever  conditions  favor  the  increase 
of  the  gipsy  motli.  The  most  that  can  be  said  against  it  is  its  in- 
ability to  effect  the  control  of  its  other  and  apparently  more  favored 
European  host,  the  nun  moth,  which  to  a  greater  extent  than  the 
gipsy  moth  is  a  pest  in  the  forests  of  northern  and  central  Europe. 
Perhaps  it  may  find  conditions  in  America  more  favorable  than 
in  Europe,  and  thereby  be  able  to  do  more  toward  effecting  the  con- 
trol of  its  host  here  than  abroad. 

So  far  as  known  its  larval  habits  agree  very  exactly  with  those  of 
Tachina  in  all  of  their  essential. particulars.  It  leaves  the  host 
caterpillar  before  pupation,  and  only  upon  rare  occasions  is  carried 
over  into  the  pupa. 

The  first  specimens  which  were  reared  in  connection  with  the 
work  of  parasite  introduction  were  found  mingled  with  those  of 
Blepharipa,  which  issued  from  hibernated  puparia  in  the  spring  of 
1908.  There  were  only  a  very  few  of  them,  but  there  were  enough 
to  make  it  possible  for  Mr.  Townsend  to  determine  the  salient  features 
in  its  life  history  and  to  create  a  desire  to  secure  more  for  colonization 
purposes. 

Relatively  very  few  puparia  were  secured  in  importations  of  1908, 
and  it  remained  for  those  of  1909  to  produce  the  number  which  was 
necessary  to  make  a  satisfactory  colony  of  the  species  possible.  Its 
puparia  being  indistinguishable  from  those  of  Tachina  and  Tricholyga, 
it  was  necessary  to  await  the  emergence  of  those  species  before 
attempting  to  count  upon  Parasetigena,  but  after  the  others  of  the 
Tachina  group  had  ceased  to  issue,  it  was  found  that  a  very  satisfactory 
number  of  unhatched  and  healthy  puparia  remained.  This  number 
was  subsequently  increased  by  the  importation  of  several  hundred 
which  had  been  reared  from  the  nun  moth,  and  which  subsequently 
proved  to  be  specifically  identical  with,  or  at  letist  indistinguishable 
from  those  from  the  gipsy  moth. 

For  the  most  part  these  puparia  successfully  hibernated,  and  in 
excess  of  1,000  of  the  flies  were  reared  in  the  spring  and  colonized 
in  one  locality  where  there  was  every  opportunity  for  them  to  mul- 
tiply to  the  limit  of  their  powers  upon  the  gipsy  moth.  An  attempt 
to  recover  the  species  in  the  locaUty  later  in  the  season  failed,  but 
since  it  was  not  expected  that  it  would  be  recovered  so  soon  the 
disappointment  was  not  very  keen.  It  would  undoubtedly  be  more 
encouraging  from  a  practical  standpoint  if  it  were  positively  kno^^n 
that  the  species  was  reproducing  freely,  but  the  failure  to  recover  it 
is  in  no  way  so  significant  as  would  have  been  the  failure  in  the  case 
of  Blepharipa. 
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)haripa,  which  was  colonizod  in  the  same  locaHty  and  under 
me  circumstances  and  subsequently  recovered,  does  not  leave 
Jt  until  tiher  the  latter  has  pupated,  and  since  the  collection 
ae  is  very  much  less  diflicult  than  the  collection  of  caterpillars, 
?overy  was  that  much  more  easy  and  certain.  Althouti;h 
d  of  a  dozen  Blepharipa  were  secured  from  collections  made 
colony,  all  of  them  were  from  pupae  and  none  from  the  cater- 
,  which  had  to  be  depended  upon  for  Parasetigena. 
^termined  effort  will  be  made  to  recover  both  species  in  1911, 
e  results  of  the  season  are  anticipated  with  much  interest. 

CARCELIA    OXAVA    MEIO. 

I  is  probably  the  least  understood  of  the  tachinid  parasites  of 
)sy  moth.  It  appears  to  be  not  at  all  well  distributed  through- 
irope  and  has  never  appeared  in  sufficient  abundance  to  give 
k  as  among  the  important  parasites  except  in  the  material 
jouthem  France.  From  that  region  it  has  been  secured  in 
int  numbers  to  make  its  colonization  possible  on  a  scale  that 
e  as  satisfactory  as  the  colonization  of  Tricholyga,  or,  for  that 
•,  of  Compsilura  until  after  Compsilura  was  found  to  be  estab- 

as  received  in  gipsy-moth  caterpillar  importations  as  early  as 
but  in  ver}^  small  numbers  in  that  year,  and  in  still  smaller 
Ts  in  1907  and  1908.  In  1909  the  very  large  and  until  then 
edented  importations  from  the  Ilyeres  region  produced  several 
nds  of  fhes,  and  more  were  received  in  1910,  which  went  to 
then  colonies  of  the  pre\'ious  \ear.     Curiously  enough,  in  1910 

almost  the  only  tachinid  parasite  secured  from  this  region, 
ount  of  which  the  gross  number  colonized  is  in  excess  of  an}^ 
species.  Like  Tachina,  Tricholyga,  and  Compsilura,  it  is 
lally  certain  that  an  alternate  host  will  l)e  a  requisite  if  it  is  to 
jte  its  seasonal  cycle  in  America.  If  this  disadvantage  can 
rcome,  there  is  every  reason  to  expect  its  recover}^  in  1911  or 

That  it  was  not  recovered  in  1910,  in  spite  of  the  fact  that 
10,000  caterpillars  of  tlie  gipsy  moth  were  collected  in  the 
late  vicinity  of  the  most  satisfactorily  liberated  colony  of  the 
jr  before,  entirely  loses  its  significance  when  it  is  taken  into 
it  that  neither  was  Compsilura  recovered  from  these  10,000 
:e  hosts,  and  Compsilura  was  also  colonized  at  the  same  time 
L  the  same  place  and  under  circumstances  very  much  more 
ble  to  its  establishment  than  those  which  accompanied  its 
tl  and  effective  colonization  two  or  three  years  before.  Better 
'ompsilura  has  done  is  expected  of  none  of  the  tachinids,  and 
:  Tricholyga,   Carcelia,   nor   Parasetigena,    nor  Zygobothria, 
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which  is  the  next  parasite  to  be  considered,  has  had  the  opportunity 
which  Compsilura  has  demanded  in  each  instance  in  which  it  has 
been  colonized,  to  prove  itself  of  value. 

ZYGOBOTHRIA   NIDICOLA   TOWNS. 

Pretty  much  everything  which  has  been  said  of  CarceUa  may  be 
said  of  Zygobothria,  not  so  much  because  it  is  similar  in  its  habits 
as  because  we  have  very  Uttle  first-hand  knowledge  of  its  habits.  It 
probably  deposits  Uving  maggots  upon  the  body  of  its  host  or  else 
very  thin-shelled  eggs  containing  maggots  ready  to  hatch;  but  this 
is  not  certainly  known.  It  always  leaves  its  host  before  pupation 
and  forms  a  free  and  characteristic  puparium  with  roughened  surface 
and  protruding  stigmata  very  unUke  that  of  any  of  the  other  tachinid 
parasites  of  the  same  host. 

It  is  not  quite  so  common  as  a  parasite  of  the  gipsy  moth  as  is 
CarceUa  and  not  so  many  have  been  colonized,  but  the  colonies  have 
been  very  satisfactory  notwithstanding,  and  there  is  about  as  much 
reason  to  expect  the  estabUshment  of  this  species  as  in  the  case  of 
any  of  the  others.  Like  several  of  the  others,  it  was  not  colonized 
until  1909,  and  its  recovery  is  hardly  to  be  expected  until  1911  or 
1912,  and  as  in  the  case  of  these  others  its  establishment  and  value 
as  a  parasite  will  very  largely  depend  upon  its  abiUty  to  find  a  suffi- 
cient supply  of  acceptable  hosts. 

CROSSOCOSMIA  SERICARI^  CORN. 

Many  years  have  passed  since  Dr.  Sasaki  published  the  most 
interesting  and  surprising  results  of  his  investigations  into  the  life 
and  habits  of  the  so-called  ''uji''  parasite  of  the  silkworm  in  Japan, 
and  his  account  of  the  maimer  in  which  this  serious  enemy  of  that 
insect  gained  access  to  its  host  was  so  extraordinary  in  the  light 
of  that  which  was  known  concerning  the  oviposition  of  tachinids  in 
general  as  to  cause  the  truth  of  his  discovery  to  be  questioned  by 
several  eminent  entomologists. 

His  work  has  been  most  carefully  reviewed  in  connection  with  the  • 
investigations  which  have  been  carried  on  at  the  laboratory  into 
the  fife  and  habits  of  the  aUied  species,  Blepharipa  sctUeUata,  and  it 
was  with  much  satisfaction  that  his  account  of  the  biology  of  Crosso- 
cosmia  was  found  to  apply  almost  equally  well  in  nearly  all  of  its 
details  to  the  biology  of  the  European  parasite  of  the  gipsy  moth. 
There  was  one  important  point  of  difference,  however,  in  that  the 
first-stage  Blepharipa  was  never  found  ensconced  in  the  gangUon  of 
its  host,  while  Crossocosmia,  according  to  Dr.  Sasaki,  habitually 
chooses  this  position. 

In  1908  quite  a  number  of  the  puparia  of  a  Japanese  parasite  of 
the  gipsy  moth  was  received  from  that  country,  which,  so  far  as 
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external  characteristics  were  concerned,  were  indistinguishable  from 
those  of  Blepharipa  from  Europe.  None  of  the  flies  issued  the 
following  spring  owing  to  the  bad  conditions  under  which  the  puparia 
werQ  received,  but  an  examination  of  the  pupae,  which  Uke  those  of 
Blepharipa  developed  adult  characters  in  the  fall,  was  sufllcient  to 
convince  Mr.  Townsend  that  the  species  was  nothing  else  than 
Orossocosmia  sericarix  itself. 

Mr.  Townsend's  determination  of  the  species  was  partially  con- 
firmed in  the  spring  of  1910  when  several  hundred  of  the  flies  were 
reared  from  puparia  received  the  previous  summer.  Later  the  same 
year,  through  the  kindness  of  Dr.  Kuwana,  specimens  of  the  bona 
fide  "uji"  parasites,  reared  from  silkworms,  were  received  at  the 
laboratory.  No  differences  whatever  were  discernible  and  the  con- 
firmation appears  complete. 

There  was  an  opportunity,  during  the  summer  of  1910,  to  dissect 
a  few  of  the  caterpillars  of  dispar  from  Japan,  and  among  those  so 
dissected  by  Messrs.  Thompson  and  Timberlake  were  found  several 
which  contained  the  young  larv»  of  Crossocosmia  in  the  gangUa, 
exactly  as  described  by  Dr.  Sasaki.  Thus  it  was  that  his  account  of 
the  life  of  the  "uji''  was  confirmed  in  its  every  particular  in  which 
his  remarks  were  based  upon  actual  observation  and  not  in  part 
upon  speculation  as  to  the  significance  of  certain  obscure  phenomena. 
To  Mr.  Townsend,  and  perhaps  more  particularly  to  Mr.  Thompson, 
who  has  devoted  considerable  time  and  performed  a  vast  amount  of 
tedious  and  in  some  instances  unremunerative  dissection  work,  is 
the  credit  due  for  thus  removing  all  reflection  upon  the  accuracy  of 
Dr.  Sasaki's  remarkable  observations. 

In  practically  every  respect,  except  in  the  location  of  the  first-stage 
maggots  in  the  body  of  their  host,  the  life  and  habits  of  Crossocosmia 
as  a  parasite  of  the  gipsy  moth  agree  with  those  of  Blepharipa.  In 
Japan  it  is  of  about  the  same  relative  importance  as  a  parasite  as 
Blepharipa  in  Europe.  Its  habits  of  pupation  and  the  difficulties 
experienced  in  providing  for  its  successful  hibernation  are  identical. 

Its  value  as  a  parasite  of  the  gipsy  moth  in  America  depends  very 
largely  upon  the  success  which  attends  the  attempts  to  import  and 
estabUsh  the  European  parasite.  Should  this  be  accomplished,  as 
now  appears  probable,  any  special  efforts  to  import  Crossocosmia 
might  well  be  deemed  unnecessary.  It  is  highly  improbable  that 
two  species  having  habits  so  exactly  similar  would  be  any  more 
effective  than  one. 

But  it  is  pretty  evident  that  in  one  other  and  very  important 
respect  the  habits  of  Blepharipa  are  different  from  those  of  Crosso- 
cosmia. It  is  apparently  quite  as  abundant  in  Europe  as  is  Crosso- 
cosmia in  Japan,  but  even  in  the  most  important  silk-producing 
regions  it  is  yet  to  be  recorded  as  an  enemy  of  the  silkworm.     It 
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would  appear  that  in  their  respective  host  relations  the  two  species 
possess  a  difference,  and  it  is  probable  that  it  will  be  found  to  extencl 
to  other  hosts  than  the  silkworm  when  all  the  hosts  of  both  species 
are  known.  In  consequence  it  is  not  only  well  to  have  Cro&socosmia 
to  fall  back  upon  in  case  Blepharipa  fails  to  come  up  to  expectations, 
but  it  is  well  that  it  be  given  a  trial  in  order  that  the  relative  value 
of  the  two  species  may  be  determined. 

CROSSOCOSMIA    FLAVOSCUTELLATA   SCHINER  (?). 

It  was  with  considerable  surprise,  accompanied  with  no  small 
degree  of  doubt  as  to  the  accuracy  of  our  records,  that  the  presence 
of  a  species  of  Crossocosmia  was  recognized  among  the  flies  issuing 
from  European  puparia  in  the  spring  of  1910.  At  first  it  was  thought 
that  there  must  have  been  some  Japanese  puparia  mingled  with  them, 
and  when  reference  was  made  to  the  notes  it  was  found  that  some- 
thing Uke  15  or  20  larvae  of  Crossocosmia  sericarise  had  been  received 
the  summer  before,  and  that  their  disposition  was  not  indicated. 
Accordingly,  for  a  time  it  was  supposed  that  the  Crossocosmia  issuing 
were  from  these,  but  it  was  not  long  until  more  adults  had  issued  than 
could  possibly  be  accounted  for  in  that  manner.  There  were  as 
many  Japanese  Crossocosmia  puparia  producing  Crossocosmia  as  the 
notes  called  for,  with  never  a  Blepharipa  among  them,  and  when 
after  a  time  it  became  apparent  that  the  number  of  European 
Crossocosmia  would  run  into  the  himdreds  and  that  they  came  from 
a  variety  of  lots  of  puparia  under  several  numbers  and  received  at 
different  times,  it  was  finally  decided  that  the  existence  of  what  has 
every  appearance  of  being  an  European  race  of  C.  sericarise  could  no 
longer  be  doubted. 

Its  occurrence  in  Europe  is  the  more  surprising  because,  like 
Blepharipa,  it  has  never  been  recorded  from  the  silkworm  in  any  of 
the  silk-producing  districts.  In  its  distribution  it  also  exhibited 
peculiarities,  practically  all  that  issued  having  come  from  a  lot  of 
puparia  received  in  gipsy-moth  caterpillar  importations  from  the 
vicinity  of  Charroux,  a  town  in  western  central  France,  and  one  which 
would  hardly  be  expected  to  differ  particularly  in  its  faima  from 
other  localities  from  which  material  was  received. 

Only  a  very  few  specimens  of  this  European  Crossocosmia  were 
pinned  for  the  collection,  but  so  far  as  the  closest  scrutiny  manifests 
there  is  not  the  slightest  structural  difference  between  the  bona  fide 
'*uji''  parasites  reared  from  the  silkworm — that  which  is  consequently 
believed  to  be  the  same  species  reared  from  the  gipsy  moth  in  Japan — 
and  the  species  imder  present  consideration  from  France,  which  is 
seemingly  not  present,  or,  if  present,  not  common  in  other  parts  of 
Europe  from  which  parasite  material  has  been  received. 
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The  specimens  reared,  to  the  number  of  several  himdred,  with 
several  himdred  of  the  Japanese  Crossocosmia,  were  colonized 
together,  and  imder  favorable  circumstances,  as  indicate<l  by  the 
recovery  of  Blepharipa  from  the  immediate  vicinity  as  the  result  of 
coincidental  colonization.  Should  the  two  species  be  in  very  tnith 
the  same,  they  will  probably  hybridize,  and  enough  have  been 
liberated  to  make  one  good  colony.  Should  they  refuse  to  inter- 
mingle, there  is  not  a  sufficient  number  to  make  what  past  experience 
has  indicated  as  a  ** satisfactory''  colony  of  either. 

UNIMPORTANT  TACHINID   PARASITES   OF   THE    GIPSY    MOTH. 

There  are  not  as  many  unimportant  dipterous  as  there  are  unim- 
portant hymenopterous  parasites  of  the  gipsy  motli  in  Europe,  and 
there  are  other  reasons  why  they  need  not  be  considered  at  so  much 
length.  One  of  them,  Pales  pavida  Meig.,  which  is  occasionally 
present  in  shipments  of  gipsy-moth  caterpillars,  is  much  more  com- 
monly received  as  a  parasite  of  the  brown-tail  moth,  and  Dexodes 
nigripes  Fall.,  which  is  very  rarely  associated  with  the  gipsy  moth, 
is  a  very  common  parasite  of  the  other  host.  Both  of  these  species 
will  be  discussed  later,  and  something  will  be  said  of  their  life  and 
habits  and  of  what  has  been  done  toward  securing  their  establish- 
ment in  America. 

Of  the  remaining  tachinids  which  have  been  reared  from  imported 
material  from  Europe,  none  has  been  positively  associated  with  the 
gipsy  moth  itself.  There  is  always  the  chance  that  one  or  two  cater- 
pillars of  some  other  species  may  have  been  accidentally  included 
amongst  those  of  the  gipsy  moth,  and  while  the  number  of  such  has 
always  been  very  small,  the  chance  that  a  strange  parasite  should  be 
reared  from  them  rather  than  from  the  gipsy-moth  caterpillars  is 
large. 

To  date  at  least  98  i>er  cent  of  the  tachinid  puparia  which  have 
been  received  from  Japan  as  parasitic  upon  the  gipsy  moth  have  been 
either  of  Tachina  or  Crossocosmia.  The  remaining  1  or  2  per  cent 
have  been  of  various  species,  among  which  was  one  that  resembled 
Pales  pavida  and  another  has  been  described  as  '*Compsilura-like.'' 
There  have  been  so  few  of  these  strange  forms  as  to  make  impossible 
a  definite  statement  as  to  their  host  relations.  It  seems  rather 
curious  that  against  the  8  European  tachinids,  all  of  which  are  of  at 
least  local  importance  as  parasites  of  the  gipsy  moth,  Japan  should 
be  able  to  produce  only  two.  It  may  be  that  the  tachinid  fauna  of 
Japan  is  much  less  extensive  than  that  of  Europe  or  of  America. 
It  may  also  be  that  a  more  thorough  survey  of  the  Japanese  situation 
will  reveal  the  presence  of  species  which  have  not  been  received 
hitherto  on  account  of  the  inadequacy  of  the  methods  of  collection 
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and  shipment.  It  is  rather  expected  that  the  latter  may  be  the  true 
explanation  and  that  the  apparent  scarcity  of  tachinids  in  the  para- 
site faima  of  the  gipsy  moth  in  Japan  may  not  prove  to  be  real. 

PABA8ITBS  OF  THE  OIPSY-MOTH  PX7PA. 

THE   GENUS  THERONIA. 

The  discussion  of  the  pupal  parasites  of  the  gipsy  moth  may  well 
begin  with  mention  of  the  most  generally  distributed  of  all — ^Theronia. 
The  genus  has  already  been  the  subject  of  brief  comment  in  the 
accoimt  of  the  American  parasites,  and  something  was  said  of  the 
habits  of  Theronia  fulvescens  in  its  relation  to  this  host  in  America, 
and  of  its  unimportance.  The  form  which  by  courtesy  is  thus  specif- 
ically designated  is  very  imperfectly  differentiated  from  T.  aialarUx 
Poda,  which  prevails  throughout  Europe  in  relatively  about  the  same 
abundance  in  relation  to  the  gipsy  moth.  It  is  readily  distinguished 
from  the  American  form  by  its  habitat  and  to  a  less  satisfactory 
extent  by  color. 

In  Japan  occurs  still  another,  indistinguishable  biologically  (so  far 
as  its  biology  is  known)  or  morphologically,  but  differing  in  color  from 
either  the  American,  from  which  it  is  most  distinct,  or  from  the  Euro- 
pean.    It  has  been  described  as  Theronia  japonica  Ashm. 

The  rdle  played  by  these  so-called  species  in  the  countries  to  which 
they  are  severally  native  is  nearly  identical  and  at  the  same  time 
unimportant,  when  economically  considered.  The  Ukelihood  that 
either  the  European  or  the  Japanese  would  become  relatively  more 
effective  in  America  than  the  American  itself  seems  so  very  remote 
as  to  make  unworthy  of  consideration  any  serious  attempts  to  intro- 
duce and  colonize  either.  Quite  a  good  many  of  the  European  have 
been  liberated  in  America  from  time  to  time,  but  in  a  purely  inci- 
dental way.  More  will  probably  be  received  in  the  future  and 
similarly  Uberated. 

It  was  in  the  winter  of  1907-8  that  the  late  Mr.  Douglas  Clemons, 
of  the  laboratory,  found  a  large  number  of  the  females  of  T.fulvescens 
congregated  beneath  old  burlap  bands  in  a  tract  of  woodland  in  which 
the  gipsy  moth  was  actively  being  fought.  Some  of  these  females 
were  dissected  some  days  later  and  found  to  be  without  fully  devel- 
oped eggs,  and  on  the  basis  of  these  inadequately  conducted  dissec- 
tions it  is  supposed  that,  as  in  Monodontomerus,  the  males  die  in  the 
fall,  leaviiig  the  females  to  hibernate.  It  would,  in  other  words, 
mean  that  the  species  is  single-brooded. 

The  subject  ought  to  have  been  still  further  investigated,  but  the 
unimportance  of  the  species  from  an  economic  standpoint  has  robbed 
it  of  interest  other  than  that  which  has  attached  to  the  remarkable 
and  suggestive  vagaries  which  it  has  exhibited  in  its  host  relations. 
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If  it  is,  in  truth,  single-brooded,  like  its  host,  it  ought  to  multiply 
much  more  rapidly  than  it  has  done,  in  view  of  the  superlative 
opportunities  which  the  past  10  years  have  afforded. 

THE   GENUS   PIMPLA. 

The  several  forms  of  the  genus  Pimpla  which  have  been  reared 
from  gipsy-moth  pupae  received  from  Europe  and  Japan  are  not, 
like  the  forms  of  Theronia,  confusing  and  indefinitely  separable,  but 
good  and  distinct  species.  There  are  3  European,  and  a  like  number 
of  Japanese,  making  together,  with  the  2  American,  a  total  of  8  of 
the  genus  known  to  attack  this  host.  Notwithstanding  their  variety, 
all  the  species  acting  together  in  any  one  locality  have  never  effected 
the  degree  of  parasitism  resulting  from  the  attack  by  Theronia  in 
the  same  locaUty.  Being  collectively  of  so  little  importance  it  is 
uimecessary  to  say  more  concerning  their  relative  importance  indi- 
vidually. 

Quite  a  little  has  been  learned  at  first  hand  concerning  the  two 
European  species  most  frequently  encountered,  Pimpla  instigator  Fab. 
and  Pimpla  examinaior  Fab.  Both  have  besn  received  in  considerable 
numbers  in  shipments  of  brown-tail  moth  pupae,  and  have  been 
liberated  to  the  number  of  several  hundred  each  in  1906,  1907,  and 
1909.    Neither  has  since  been  recovered  from  the  field. 

Both  have  been  carried  through  all  of  their  transformations  in  the 
laboratory  upon  the  gipsy  moth,  the  brown-tail  moth,  or  the  white- 
marked  tussock  moth,  and  in  the  case  of  P.  instigator  upon  all  three 
above-mentioned  hosts.  The  early  stages  of  the  larvae  have  not 
been  seen.  In  nearly  every  respect,  so  far  as  observed,  they  resemble 
each  other  in  habit  and  biology  and  also  P.  (Hoplectis)  conquisitor 
Say.  and  P.  pedalis  CresQ.,  their  American  congenors.  The  one  point 
of  difference  between  them  is  the  tendency  of  Pimpla  instigator  to 
hibernate  within  the  pupa  of  the  brown-tail  moth.  A  very  few  have 
been  reared  each  spring  since  1908  from  cocoon  masses  received  the 
summer  before.    The  proportion  thus  hibernated  is  very  small. 

Pimpla  in^stigator,  like  the  American  P.  (Hoplectis)  conquisitor,  may 
become  hyperi>arasitic  on  occasion.  On  August  7,  1907,  five  female 
specimens  of  P.  instigator  were  confined  with  several  tussock-moth 
cocoons  which  contained  the  cocoons  of  Pimpla  (Epiuras)  inquisi- 
torieUa  Dalla  Torre,  from  some  of  which  adults  were  emerging,  and 
all  of  which  had  been  spun  for  several  days.  Oviposition  was  imme- 
diately attempted.  It  was  certainly  successful,  for  on  August  29, 
at  least  two  weeks  after  the  Epiurus  had  ceased  to  issue,  a  greatly 
dwarfed  male  P.  instigator  appeared  and  it  was  followed  by  another 
similarly  small  male  on  September  3.  There  is  not  the  slightest 
doubt  that  the  European  parasite  attacked  the  native  and  that  its 
larvae  fed  to  maturity.    At  the  same  time  it  is  not  likely  that  it  would 
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have  done  so  had  the  cocoons  of  the  native  not  been  associated  with 
the  proper  host  of  the  other. 

The  third  species,  Pimpla  brassicarise  Poda,  is  much  less  commonly 
reared  from  either  the  gipsy  moth  or  the  brown-tail  moth  than  the 
other  two.    Apparently  its  habits  are  identical. 

Hardly  enough  have  been  received  of  the  three  Japanese  species  to 
indicate  their  relative  abundance.  The  most  striking  of  them, 
Pimpla  plviOj  appears  to  be  the  only  one  of  the  trio  which  has  been 
described,  and  to  the  others  Mr.  Viereck  has  given  the  names  P, 
disparis  and  P,  portJietrise.  It  is  possible  that  they  are  just  a  trifle 
more  common  in  connection  with  the  gipsy  moth  in  Japan  than  are 
the  corresponding  species  in  either  Europe  or  America.  At  the 
same  time  Theronia  has  outnumbered  all  three  together  in  the 
Japanese  material  studied  at  the  laboratory. 

Hardly  anything  is  known  about  them.  Not  enough  have  been 
received  to  make  colonization  possible,  and  only  upon  one  occasion 
to  permit  of  laboratory  reproduction  with  fertilized  females,  and  upon 
this  occasion  there  was  no  time  to  devote  to  their  further  study. 

Presumably,  except  for  minor  differences,  all  of  the  Japanese 
Pimpla  will  be  found  to  conform  very  exactly  in  biology  and  habit 
to  the  American  and  European.  All  will  probably  be  found  to 
attack  a  very  large  variety  of  hosts,  and  all  will  defer  their  attack 
until  their  host  has  entered  the  prepupal  or  pupal  state.  The 
females  of  all  will  probably  be  ready  to  oviposit  for  a  new  generation 
almost  immediately  following  their  emergence,  and  the  length  of  hfe 
cycle,  dependent  upon  temperature,  will  be  about  three  or  four  weeks. 
There  will  necessarily  be  more  than  one  generation  each  year  unless 
the  hibernating  individuals  should  live  long  enough  to*  deposit  eggs 
for  another  hibernating  generation,  as  might  easily  be  possible  in  the 
case  of  Pimpla  instigator,  and  conceivably  possible  in  the  case  of 
each  of  the  others. 

Pimpla  conquisitor  and  Pimpla  pedalis  are  among  the  most 
generally  effective  of  the  pupal  parasites  of  the  medium-sized  cocoon- 
spinning  Lepidoptera  in  the  Northeastern  States.  The  first  named 
is  perhaps  the  most  common  and  effective  of  all  the  parasites  o(  the 
tent  caterpillar  and  about  as  effective  as  any  other  one  as  a  parasite 
of  the  tussock  moth.  It  does  not  vary  much  in  relative  abundance 
from  one  year  to  the  next,  and  appears  to  play  a  part  which  is  rather 
to  be  compared  to  that  taken  by  the  birds  than  to  that  taken  by 
most  of  the  parasites.  It  is,  like  Theronia,  so  impartial  in  its  atten- 
tions to  all  of  the  different  species  of  its  hosts  as  scarcely  to  be 
affected  by  an  unusual  abunthince  or  unusual  scarcity  of  any  one 
among  them  in  particular. 

The  same  is  very  likely  to  be  true  of  the  European  and  Japanese 
species.     The  part  played  by  each  in  the  localities  where  it  is  native 
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is  probably  similar  to  that  taken  by  P.  conquisitor  or  P.  pedalis  in 
America.  On  this  account  it  is  not  considered  as  probable  that 
either  P.  examinator  or  P.  instigator  will  ever  become  established  in 
America  as  a  result  of  the  not  very  satisfactory  colonies  which  have 
been  liberated.  They  will,  of  necessity,  enter  into  direct  conflict 
with  the  American  species  for  a  share  in  the  business  of  being  para- 
sites upon  a  certain  section  of  the  insect  community,  including  a 
large  number  of  species  of  which  the  gipsy  moth  is  but  one.  Compe- 
tition may  result  in  cut  rates  and  more  and  cheaper  parasitism  for  a 
time,  but  eventually,  if  the  newcomers  ever  secure  a  foothold  at  all, 
they  will  either  drive  the  natives  out  of  the  business  or  else  share 
and  share  alike  with  them  in  accordance  with  an  amicable  and 
natural  agreement. 

In  consequence,  no  assistance  is  expected  from  the  various  foreign 
species  of  the  genus  Pimpla  as  parasites  of  the  gipsy  moth  or  of  the 
brown-tail  moth.  They  are  merely  liberated  when  received,  under 
the  best  conditions  which  can  be  afforded  looking  for  their  estab- 
lishment, and  if  they  are  ever  recovered  from  the  field,  the  most  that 
is  expected  of  them  is  that  the  circumstances  surrounding  such 
recovery  will  exemplify  the  truth  of  the  above  remarks. 

ICHNEUMON   DISPARTS   PODA. 

One  of  the  most  distinctive  of  the  gipsy-moth  parasites,  and  one 
of  the  first,  if  not  the  very  first,  described  as  attacking  that  host. 
Ichneumon  disparis  is  at  the  same  time  one  of  the  less  common,  if 
dependence  is  to  be  placed  upon  the  rearing  records  at  the  labo- 
ratory. It  may  be  that  it  is  never  common,  or  it  may  be  that  it  is 
eastern  and  southern  in  its  distribution  in  Europe,  rather  than 
central  and  western;  some  few  incidents  in  connection  with  its  impor- 
tation have  mdicated  that  perhaps  its  scarcity  in  European  imported 
material  was  due  to  such  material  having  been  collected  outside  of  its 
natural  range.  In  any  event  not  more  than  two  score  of  individuals 
have  been  reared  in  the  course  of  the  five  years  since  the  work  was 
begun. 

Very  little  is  known  of  its  life  and  habits,  other  than  that  it  probably 
attacks  the  pupce  or  perhaps  the  prepupae,  and  never  the  active 
caterpillars.  It  is  thought  possible  that  it  hibernates  as  an  adult, 
and  if  this  is  true,  it  might  conceivably  be  a  parasite  of  importance 
could  enough  be  secured  to  make  possible  a  sufficiently  strong  colony. 
To  date  there  never  has  been  a  single  mated  pair  available  for  libera- 
tion at  any  one  time. 
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THE*  GENUS   CHALCIS. 

The  first  few  boxes  of  parasite  material  which  were  received  in 
1905  produced  among  other  things  quite  a  large  number  of  Chalcis, 
a  part  of  which  issued  from  the  pupa8  of  the  gipsy  moth  and  a  part 
from  dipterous  puparia,  supposed  at  that  time  to  be  those  of  tachinid 
parasites  of  the  same  host.  All  of  them  appeared  to  be  of  one  species, 
Chalcis  jlavipesy  and  on  the  supposition  that  those  which  appeared 
to  issue  from  the  gipsy-moth  pupae  might  actually  have  come  from 
tachinids  which  were  inside,  all  were  destroyed. 

In  1906  and  1907  very  few  Chalcis  were  received  from  any  source 
and  there  was  no  opportunity  to  determine  the  true  host  relations 
of  the  European  species.  In  1908  a  considerable  shipment  of  gipsy- 
moth  pupae  from  Italy  arrived  in  good  condition  for  the  first  time 
since  1905,  and  another  shipment  from  Japan,  also  in  good  condition, 
reached  the  laboratory  almost  coincidently.  Both  were  soon  found 
to  contain  Chalcis  in  some  numbers,  and,  as  it  soon  developed,  in 
considerable  variety. 

It  is  not  necessary  to  go  into  any  details  as  to  the  steps  through 
which  it  was  finally  decided  that  no  less  than  six  species  of  Chalcis 
were  present  in  these  two  shipments,  of  which  two  were  easily  sepa- 
rable by  conspicuous  structural  and  color  characters.  The  others 
were  more  or  less  confusing  to  one  who  had  only  a  few  doubtfully 
identified  specimens  in  the  collection,  and  little  knowledge  of  what 
were  the  characteristics  of  a  species  in  the  genus. 

With  the  assistance  of  biological  and  geographical  characters,  the 
separation  was  finally  effected,  and  the  6  have  been  since  definitely 
identified  by  Mr.  Crawford,  as  below.  To  the  list  are  added  2  more, 
1  of  which  is  Japanese  and  the  other  American,  making  a  total  of 
8  in  all  that  have  been  definitely  associated  with  the  one  host. 

Chalcis  jlainpes  Panz.  Primary  parasite  of  the  gipsy  moth  in 
Europe. 

Chalcis  obscurata  Walk.  Primary  parasite  of  the  gipsy  moth  in 
Japan. 

Chalcis  caUipus  Kirby.  Primary  parasite  of  the  gipsy  moth  in 
Japan,  according  to  rearing  note  attached  to  a  specimen  forwarded 
to  the  laboratory  through  the  kindness  of  Mr.  Kuwana. 

Chalcis  fislcei  CrawfT  Parasite  of  the  tachinids  Crossocosrrm 
sericarix  and  Tachina  japonica  in  Japan,  and  thereby  a  secondary 
parasite  of  the  gipsy  moth. 

Chalcis  compsilurse  Crawf .  Parasite  of  Compsilura  condnruita  in 
America,  and  therefore  a  secondary  parasite  of  the  gipsv  moth. 
( Chalcis  ovata  Say  has  never  been  reared  as  a  parasite  of  the  gipsv 
moth,  although  it  is  not  improbable  that  it  will  be  found  to  attack 
it  when  the  moth  shall  extend  its  range  southward  into  territory 
where  the  Chalcis  is  more  common  than  it  appears  to  be  in  eastern 
Massachusetts.) 
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Chalcis  viinuta  L.  Parasite  upon  sarcophagids  associated  with  the 
gipsy  moth  in  Europe.  Since  tne  status  of  the  sarcophagids  them- 
selves remains  to  be  determined,  it  is  impossible  to  state  that  of  the 
Chalcis.  It  is  believed  that  the  sarcopnagids  are  scavengers,  and 
neutral,  in  which  case  the  Chalcis  would  also  be  neutral. 

Chalcis  fonscohmbei  Duf.  Also  a  parasite  of  sarcophagids  asso- 
ciated with  the  ffipsy  moth  in  Europe. 

Chalcis  faraplesia  Crawf .  Parasite  upon  sarcophagids  associated 
with  the  gipsy  moth  in  Japan. 

It  is  thus  seen  that  the  genus  Chalcis  is  a  little  of  everything  in 
its  relations  to  the  gipsy  moth.  Of  the  8  species,  3  are  enemies, 
2  are  friends,  and  3  are  undertaker's  assistants.  To  round  out  the 
series,  one  may  expect  to  find  a  species  attacking  tachinids  in  Europe, 
1  attacking  the  gipsy-moth  pupae  as  a  primary  parasite,  and  another 
attacking  sarcophagid  puparia  in  America. 

So  far  as  known  tachinids  are  never  attacked  by  the  species  which 
prey  upon  the  sarco- 
phagids, although  this 
statement  presup- 
poses a  discriminating 
instinct  which  has 
rarely  been  encoun- 
tered among  the  par- 
asites of  the  Diptera. 
generally.  For  the 
most  part,  and  in  fact 
vith  no  other  excep- 
tion, so  far  as  the  ex- 
periences of  the  lab- 
oratory have  gone,  the 
parasites  which  will 
attack  the  one  will  attack  the  other  family  also.  There  are  several 
records,  including  that  already  mentioned  which  was  made  in  1905, 
of  the  rearing  of  Chalcis  from  tachinid  puparia,  but  these  have  either 
been  made  before  a  distinction  was  made  between  the  puparia  of 
the  two  families,  or  else  there  have  been  a  large  number  of  mixed 
tachinid  puparia  involved,  and  in  such  instances  it  is  always  possible 
and  usually  the  case  that  a  few  sarcophagids  are  present. 

As  parasites  of  the  gipsy-moth  pupae,  Chalcis  Jlavipes  and  G. 
ohscurata  are  closely  aUied,  and  exceedingly  similar  in  every  respect. 
Chalcis  jlavipes  (figs.  44,  45)  appears  to  be  rather  restricted  in  its 
range  in  Europe  and  has  never  been  received  from  any  localities 
outside  of  the  watershed  of  the  Mediterranean,  if  an  exception  is 
made  of  the  portion  of  southern  France  which  drains  into  the  Atlantic. 
The  Japanese  C.  ohscurata  (fig.  46)  has  been  present  in  every  ship- 


FiQ.iA.— Chalcis  flavipes:  \dult.    Enlarged.    (From  Howard.) 
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Fio.  45.—  (lhalci8  flavipet:  Female. 
Hind  femur  and  tibia,  showing 
markings.  Greatly  enlarged. 
(From  Crawford.) 


ment  of  pupsB  from  Japan,  but  the  exact  localities  from  which  these 
shipments  came  is  not  known. 

Both  are,  or  appear  to  be,  invariably  solitary,  notwithstanding 
that  there  is  an  ample  food  supply  in  one  pupa  for  several  individuals. 
Invariably  there  is  an  abundance  of  unconsumed  matter  in  the  host 
pupa,  and  on  this  account  the  parasite  has  rarely  been  successfully 
reared  from  any  of  the  imported  pup©  except  the  small  males,  in 
which  this  matter  is  in  such  small  amount  as  partially  to  dry  before 

receipt  at  the  laboratory.  In  the  large 
female  pupae  the  decomposing  contents  of 
the  pupal  shell  form  a  semiliquid  mass, 
which  is  shaken  about  while  the  material  is 
in  transit,  and  coiripletely  overw^helms  the 
larva  or  pupa  of  the  parasite.  The  parasite 
is  able  to  withstand  this  condition  to  a  re- 
markable  extent,  but  not  to  the  extent  fre- 
quently brought  about  by  the  unnatural 
conditions  incident  to  transshipment. 
Partly  on  this  account,  but  still  more 
owing  to  the  difficulties  which  have  stood  in  the  way  of  securing  an 
adequate  supply  of  gipsy-moth  pupa?  in  good  condition  from  localities 
where  Chalcis  occurs,  it  has  not  yet  been  possible  to  colonize  either 
the  European  or  the  Japanese  species  satisfactorily,  nor,  so  far  as 
known,  successfully.  Only  a  few  hundred  have  been  received,  all 
told,  since  their  status  as  primary'  parasites 
was  first  established  in  1908.  Had  they  all 
been  of  one  species,  received  at  one  tune, 
and  colonizetl  in  the  same  place,  there  would 
be  some  reason  to  expect  that  the  coloniza- 
tion would  be  followed  by  establishment. 
There  were  two  species,  however,  they  were 
not  all  colonized  in  one  place,  and  coloniza- 
tion has  extended  over  three  years.  The 
best  and  largest  colony  was  liberated  in  1909 
and  strengthened  by  the  addition  of  the 
small  number  received  from  abroad  in  1910. 
A  single  specimen  was  reared  from  a  lot  of  gipsy-moth  pupse  col- 
lected in  the  immediate  vicinity  of  the  colony  shortly  after  it  was 
founded  in  1909,  but  none  issued  from  similar  collections  made  in 
1910. 

Both  Chalcis  jiai'ipes  and  C,  obscurata  have  been  carried  through  all 
of  their  transformations  in  the  laboratory  on  American  pupae.  The 
females  are  able  to  oviposit  verj-  shortly  after  emergence,  and  will  do 
so  with  considerable  freedom  in  confinement,  making  possible  the 
artificial  multiplication  of  either  species  were  it  possible  to  secure  a 


Fio.  46.  —  Chalcit  obscurata:  Fe- 
male. Uind  femur  and  tibia, 
shoi*'ing  markings.  Greatly  en- 
larged.   (From  Crawford.) 
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supply  of  host  pupae.  In  the  act  of  ovij^sition  the  female  firmly 
grasps  the  active  host-pupa  with  her  powerful  hind  legs  and  resists 
all  of  its  efforts  to  dislodge  her.     The  egg  has  not  been  observed  nor 


Fig.  47 —Chalcis  flavipes:  Full- 
grown  larva  from  gipsy-moth 
pupa.  Much  enlarged.  (Origi- 
nal.) 


Fig.  i8.—Chalcis  flavipet: 
Pupa,  side  view.  Much 
enlarged.    (Original.) 


FlQ.  49.  — CA«id«  /lo- 
vipcs:  Pupa,  ventral 
view.  Much  enlarged. 
(Original.) 


the  early-stage  larvae.  The  full-fed  larva  is  quite  characteristic  in 
appearance,  and  well  represented  in  the  accompanying  illustration 
(fig.  47).    The  pupa  (figs.  4S,  49)  is  almost  invariably  located  in  the 


Fio.  60.— Gipsy-moth  pupae,  showing  exit  holes  of  Chalcia  flavipes. 
Enlarged.    (Original) 

anterior  portion  of  the  host  pupa,  and  the  exit  hole  (fig.  50)  of  the 
adult  is  characteristic,  being  smaller  than  that  of  Pimpla  or  Theronia, 
and  rarely  at  the  extreme  end,  as  is  the  case  with  the  ichneumonid 
parasites.     The  pupal  exuvium  is  also  characteristic  and,  curiously 
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enough,  yellow  in  the  case  of  the  Japanese,  and  black  in  that  of  the 
European  species.  Between  three  and  four  weeks  of  ordinary 
summer  weather  are  necessary  for  the  complete  life  cycle. 

The  adults  are  very  long  lived,  and  a  few  of  both  species  were  kept 
in  confinement  from  early  in  August,  1910,  until  December  of  the 
same  year.  During  this  time  they  were  offered  numerous  sorts  of 
pupa?,  but  after  it  was  no  longer  possible  to  secure  those  of  the  gipsy 
moth  there  was  no  further  reproduction.  It  has  always  been  supposed 
that  it  was  the  adults  which  hibernated,  and  the  longevity  of  the 
individuals  mentioned  above  lends  strength  to  this  supposition.     If 


Fig.  5\.—MonodontomeTus  xreus:  Adult  female.    Greatly  enlarged.    (Original.) 

correct,  there  need  be  only  a  single  generation  annually,  and  the 
species  would  therefore  be  independent  of  any  other  host.  Neither 
is  known  to  attack  the  brown-tail  moth,  but  both  have  been  reared 
thiough  their  transformations  upon  pupas  of  the  white-marked 
tussock  moth. 

Both  of  the  species  of  Chalcis  are  of  considerable  importance  as 
parasites  of  the  gipsy-moth  pupa5  in  their  respective  habits,  and  so 
far  there  has  nothing  occurred  to  destroy  confidence  in  their  ability  to 
become  of  importance  here  provided  a  sufficiently  large  number  may 
be  secured  to  enable  them  to  become  established.  It  is  confidently 
expected  that  they  will  disperse  at  a  very  rapid  rate,  and  on  this 
account  it  will  be  necessary  that  the  colonies  be  large  and  strong,  so 
that  extinction  through  too  great  scarcity  during  the  first  or  second 
season  following  colonization  will  not  result.  Renewed  efforts  to 
make  this  possible  will  be  made  this  coming  season,  and  at  the  same 
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Plate  XXI. 


FiQ.  1.— View  of  Laboratory  Interior,  Showing  Cages  in  Use  for  Rearing 
Parasites  from  Hibernating  Webs  of  the  Brown-Tail  Moth  in  1910-1911. 
(Original.) 


Fig.  2.— "Sifting"  Gipsy-Moth  Eggs  for  Examination  as  to  Percentage  of 
Parasitism.    (Original.) 
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time  special  efforts  will  be  made  to  recover  the  species  fmm  the  field 
as  a  result  of  earlier  colonization. 

MONODONTOMERUS   -ffiREUS   WALK. 

Ye'w  among  the  parasites  have  been  the  cause  of  a  larger  variety  of 
mingled  feelings  than  this,  and  the  history  of  its  introduction  into 
Massachusetts  is  in  many  respects  unique  and  apart  from  similar 
histories  of  the  other  parasites. 

The  females  (fig.  51)  have  the  curious  habit  of  hibernating  in  the 
winter  webs  of  the  brown-tail  moth,  and  the  species  is  rather  a 
parasite  of  the  brown-tail  moth  pupae  than  of  the  gipsy-moth  pupae, 
although  it  is  sometimes  common  in  the  latter  connection  as  well. 
It  was  first  received  at  the  laboratory  in  the  winter  of  1905  in  ship- 
ments of  brown-tail-moth  hibernating  nests  and  was  reared  from 
these  nests  in  the  spring.  It  has  been  recorded  as  a  parasite  of  the 
gipsy  moth,  and  a  colony  was  planted  by  Mr.  Titus  early  in  the 
spring  of  1906.  The  records  of  this  colony  have  apparently  been  lost 
and  it  will  never  be  known  exactly  how  many  individuals  were 
included  in  it. 

Some  1,700  issued  from  the  imported  nests  that  first  spring,  but 
not  all  of  them  were  liberated.  Dr.  W.  H.  Ashmead,^  to  whom  the 
specimens  were  sent  for  determination,  stated  it  as  his  opinion  that  it 
was  a  secondary  parasite  rather  than  a  primary,  since  few  or  none  of 
the  group  to  which  it  belonged  were  definitely  known  to  be  primary 
parasites  upon  lepidopterous  hosts.  Accordingly  the  work  of  coloni- 
zation was  stopped  almost  as  soon  as  it  was  begun,  and  for  a  period 
of  more  than  two  years  Monodontomerus  was  treated  as  a  secondary 
parasite,  and  destroyed  whenever  found.  During  this  period,  many 
thousands  issued  from  importations  of  brown-tail-moth  cocoons,  and 
much  doubt  was  felt  as  to  its  actually  being  a  secondary,  on  account 
of  the  numbers  alone,  since  it  enormously  outnumbered  all  other 
hymenopterous  parasites  (whether  primary  or  secondary)  reared. 
For  reasons  which  would  be  obvious  to  anyone  who  has  ever  had  any 
experience  in  handUng  the  cocoons  of  the  brown-tail  moth,  no  serious 
effort  was  made  to  determine  its  host  relations  by  the  dissection  of 
the  brown-tail  moth  pupae.  A  few  pupae  were  sought  out  from 
which  it  had  issued,  and  no  trace  of  any  other  host  was  found,  but 
such  was  the  state  of  our  technical  knowledge  at  that  time  as  to 
render  questionable  such  evidence.  We  were-  not  sufficiently 
familiar  with  the  appearance  of  pupae  from  which  Monodontomerus  as 
a  secondary  parasite  had  issued,  and  dared  not  give  any  more  than 
negative  weight  to  the  fact  that  no  remains  of  any  other  primary 
host  than  Monodontomerus  could  be  found.  Moreover,  against  this 
negative  evidence  indicative  of  primary  parasitism,  was  much  that 


1  Now  deceased. 
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was  positive,  indicative  of  secondary  parasitism,  because  every  little 
while  the  Monodontomerus  would  issue  from  tachinid  puparia  which 
had  been  sorted  out  from  the  cocoons  and  pupsB.  Still  more  fre- 
quently it  was  reared  from  puparia  of  sarcophagids. 

In  the  summer  of  1908  the  shipment  of  gipsy-moth  pupae  from 
Italy,  which  served  the  purpose  of  establishing  the  status  of  the 
European  species  of  Chalcis  in  their  relation  to  the  gipsy-moth, 
served  also  in  establishing  the  status  of  Monodontomerus  as  a  primary 
parasite  of  this  host.  A  large  number  of  the  pupte  which  were 
examined  was  found  filled  wdth  the  larvae  (fig.  53)  or  pupae  (figs. 
54,  55)  of  the  parasite,  and  even  when  the  larvae  were  still  immature 
and  feeding  there  was  absolutely  no  trace  of  any  other  parasite  present 
in  the  majority  of  instances.  There  was  such  trace  in  a  few,  and  it 
was  found  that  the  former  presence  of  Pimpla,  Theronia,  or  any 
tachinid  was  very  easy  of  determination,  no  matter  how  completely 
it  might  have  been  destroyed. 

It  was  felt  that  a  mistake  had  been  made  in  not  liberating  the  very 
large  number  of  Monodontomerus  which  had  been  secured  through 
the  earUer  shipments,  and  it  was  resolved  to  colonize  them  as  fast  as 
they  were  secured  in  the  future.  Hardly  anything  was  less  expected 
than  that  the  species  should  even  then  be  established. 

Each  winter  since  that  of  1906-7  (PI.  XXI)  large  numbers  of  the 
winter  nests  of  the  brown-tail  moth  had  been  collected  in  a  vain 
endeavor  to  secure  evidences  of  the  establishment  of  Pteromalus 
egregivSy  but  without  results.  In  the  winter  of  1908-9  this  work  was 
undertaken  anew,  and  almost  the  first  lot  which  was  brought  into  the 
laboratory  was  shortly  ])roductive  of  a  number  of  Monodontomerus, 
exactly  as  lots  collected  in  the  open  in  Europe  had  been  productive 
of  the  species  each  season  since  their  importation  had  been  begun. 
The  circumstance,  surprising  and  unexpected,  was  also  gratifying, 
coming  as  it  did  so  soon  after  the  investigations  which  had  served  to 
demonstrate  the  primar\'  parasitism  of  the  species.  The  surprise  and 
gratification  wius  increased  materially  when  it  was  discovered,  through 
the  collection  of  a  large  (quantity  of  the  winter  webs,  that  the  parasite 
was  distributed  over  a  considerable  territory  indicated  by  the  area  I 
on  the  accompanying  map  (PI.  XXII),  and  though  the  actual  number 
recovered  was  small,  the  rapid  rate  of  dispersion  was  sufficient  to 
indicate  a  very  rapid  rate  of  increase.  It  was  estimated,  in  fact,  that 
at  least  a  25-fold  per  year  increase  and  a  10-mile  per  year  dispersion 
had  followed  the  colonization  three  years  before. 

In  1909  an  examination  of  the  pupa?  of  the  gipsy  moth  in  the  field 
revealed  the  presence  of  what  was  actually  a  small,  but  under  the  cir- 
cumstances a  gratifyingly  large,  number  which  contained  the  larvae  or 
pupae  of  the  parasite,  and  the  results  of  the  winter  scouting  work  were 
awaited  with  confidence  and  interest.     They  were  quite  as  satisfac- 
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tory  as  could  be  expected.  The  collections  of  nests  from  areas  II  and 
III  on  the  map  (PI.  XXII)  produced  the  parasite  in  abundance,  and  in 
area  I,  throughout  which  it  was  found  the  winter  before,  it  was  very 
much  more  abundant,  as  will  be  seen  by  reference  to  the  tabulated 
summary  of  the  results  of  the  work  for  the  winter  in  Table  X. 

Table  X. — Monodontomerus  aereus  as  distributed  over  its  area  of  dispersion,^ 


Number 
of  brown- 
tail  nests 
collected. 

Number 

Monodon- 

Number 
of  bro^Ti- 

tail  nests 
collected. 

1,698 

Number 

Monodon- 

Section. 

Year. 

of  Mono- 
donto- 
merus 

recovered. 

tomerus 

per  1,000 

orown- 

tAll  nests. 

6 

Swlion. 
4 

Year. 

of  Mono- 
donto- 
merus 

recovered. 

234 

tomerus 
per  1,000 
brown- 
tail  nests. 

f    1908 

5.574 

39 

1910 

137 

1 

\    1909 

2,200 

708 

376 

5 

1910 

701 

215 

306 

1    1910 

1,508 

495 

3-28 

6 

1910 

2,836 

521 

183 

\    1906 

947 

0 

0 

7 

1910 

1,050 

260 

246 

2 

\    1909 

1,107 

124 

112 

8 

1910 

555 

86 

151 

1    1910 

700 

182 

280 

9 

1910 

825 

538 

652 

3 

]    1909 
\    1910 

770 

34 

49 

10 

1910 

500 

1 

2 

260 

13 

50 

11 

1910 

1,600 

95 

59 

» Refer  to  the  map  (PI.  XXII)  for  the  area  included  in  each  section. 
Table  Representinq  the  Rapid  Multiplication  of  Monodontomerus  in  the  Field. 


Avera^  of  sections  2  and  3  in  1909. 
Average  of  sections  2  and  3  in  1910. 


Brown-tail 
nests  col- 
lected. 


1,927 


I 


Monodon- 
tomerus 


Monodon- 
tomerus 
per  1,000 


recovered,    brown-tail 
nests. 


190. 


87 
199 


In  1910  a  fairly  satisfactory  number  of  the  parasites  was  reared 
from  collections  of  brown-tail  moth  cocoons  made  in  the  field,  but 
when  the  gipsy-moth  pupae  were  examined  in  the  field  as  in  1909, 
scarcely  if  any  more  were  found  to  be  parasitized.  This  was  any- 
thing but  encouraging,  because  it  had  been  expected  that  parasitism 
would  amount  to  at  least  1  per  cent,  if  the  rate  of  increase  which  had 
prevailed  up  to  1909  had  continued.  It  appeared  that  the  Monodon- 
tomerus was  either  inclined  to  pass  over  the  gipsy-moth  pupae  in 
favor  of  other  hosts,  or  else  that  its  rate  of  increase  had  received  a 
sudden  check  before  it  was  sufficiently  abundant  to  become  of  aid  in 
the  control  of  the  moth.  As  before,  that  winter's  work  was  anticipated 
with  interest  since  its  results  would  be  more  directly  comparable  with 
those  of  the  year  before  than  was  that  summer's  work. 

The  collections  of  winter  webs  were  first  made  in  the  territory 
mcluded  within  the  range  of  the  parasite  in  the  winter  of  1909-10 
(areas  I,  II,  and  III),  and  the  fact  soon  became  manifest  that  instead 
of  increasing  it  had  actually  decreased  in  abundance  throughout  that 
territory  in  the  course  of  the  year.  It  was  inexplicable,  in  view  of  the 
unlimited  opportunities  for  increase,  and  it  was,  to  say  the  least, 
discouraging. 
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Follow  ing  these  preliminary  collections,  which  were  intended  for  no 
other  purpose  than  to  indicate  the  rate  of  increase,  collections  from 
towns  and  cities  to  the  westward  of  its  known  distribution  the  previ- 
ous winter  and  to  the  northward  in  southern  New  Hampshire  and 
southernmost  Maine  were  made.  It  was  rather  confidently  expected 
that  it  would  be  found  in  Maine  just  over  the  New  Hampshire  line, 
and  also  that  this  would  mark  the  limits  of  its  distribution  in  thafe 
direction. 

How  far  removed  the  expectations  were  from  the  reality  is  well 
indicated  by  the  accompanying  map  *  (PI.  XXIH) ,  and  still  more  by  « 
study  of  the  table.  It  will  be  seen  that  instead  of  stopping  at  the  Maini| 
State  line,  Monodontomerus  has  extended  its  range  for  a  full  hundred 
miles  to  the  northeastward,  and  that  to  the  north  and  west  it  has  pretty 
nearly  reached  the  limits  of  the  present  known  distribution  of  th« 
brown-taii  moth  itself.  But  what  is  more  surprising,  it  is  actually 
much  more  abundant  in  a  large  part  of  this  new  territory  than  it  wag 
in  Massachusetts  a  year  before. 

It  will  also  be  observed  that  the  distribution  has  been  much  mora 
rapid  toward  the  north  and  east  than  toward  the  west  and  south, 
which  is  true  also  of  that  of  the  gipsy  moth  and  the  brown-tail  moth* 
Whether  this  will  prove  to  be  the  rule  with  others  of  the  parasitea 
remains  to  be  seen.  It  is  not  indicated  in  the  instance  of  any  other 
as  yet. 

Monodontomerus  appears  to  pass  through  but  a  single  generation 
annually.  The  females  are  sometimes,  perhaps  habitually,  fertilized 
before  they  actually  issue  from  the  pupal  shell  of  the  host.  The 
males  invariably  die  before  the  winter,  or  at  least  out  of  many  thou- 
sands of  individuals  which  have  been  secured  in  the  winter  from 
brown-tail-moth  nests  at  home  and  abroad,  only  females  have  been 
present.  Dissection  of  a  considerable  number  of  hibernating  females 
has  failed  to  result  in  the  fintling  of  even  partiaUy  developed  eggs. 
Neither  has  it  been  found  possible  to  keep  females  alive  in  the  spring 
until  eggs  should  develop,  although  some  have  remained  in  a  state 
of  activity  in  confinement  for  several  months. 

Beginning  in  1906,  and  each  year  thereafter  until  1909,  nimierous 
attempts  were  made  to  secure  reproduction  in  confinement.  Dipter- 
ous larva}  and  puparia  as  well  as  pupse  of  the  gipsy  moth  and  the 
brown-tail  moth  were  suppUed  as  hosts,  and  females  from  hibernating 
nests  as  well  as  those  from  gipsy-moth  and  brown-tail  moth  pupae 
and  other  sources  were  used  in  these  experiments.  Failure  resulted 
in  every  instance,  due,  apparently,  to  the  impossibility  of  keeping 
the  parents  alive  until  e^^s  should  be  developed. 

I  The  maps  and  tables  have  been  prepared  by  Mr.  H.  E.  Smith,  to  whom  the  work  of  caring  for  the  oests 
as  they  have  been  received  at  the  laboratory  lias  largely  boen  intrusted. 
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egg  which  is  figured  (fig.  52)  was  dissected  from  a  female  which 
aported  in  1909  with  cocoon  masses  of  the  brown-tail  moth  and 

was  evidently  hibernated.  She  was  given  no  opportunity  to 
dt.  In  1910  several  females  were  collected  in  the  open  in  June, 
iiese,  upon  being  suppUed  with  fresh  pupae  of  the  brown-tail 

immediately  oviposited. 

very  characteristic  larvae  (fig.  53)  feed  externally  upon  the 

of  tachinids  within  the   puparium,  but 

ally   within   the  pupae   of    Lepidoptera. 

upae  (figs.  54,  55)  are  also  characteristic, 

le  appearance  of  that  of  the  female  Is 

ted   by   the   accompanying  illustrations. 

dt  hole  (fig.  56)  left  in  the  gipsy-moth 

is  invariably  smaller  than  that  left  by  Chalcis,  and  larger  than 

►f  Diglochis.     It  may  be  located  anywhere,  in  which  respect  it 

I  from  any  of  the  larger  of  the  pupal  parasites. 

a  secondary  parasite,  Monodontomerus  has  been  reared  from 

id  puparia  upon  numerous  occasions  both  from  those  which 

>een  received  from  abroad  and  from  those  collected  in  America. 

i  rather  expected  of  it  that  its  attack  would  be  confined  to  those 


Fio.  52.  -Monodontomerui 
atreus:  Egg.  Greatly  en- 
larged.   (Original.) 


3. 53.—  Monodontomerus 
treus:  Larva.  Greatly 
enlarged.    (Original.) 


Fio.  54.-  Monodonfomnus 
atreus:  Pupa,  side  view. 
Greatly  enlarged. 
(Original.) 


Fio.  55.— Jfonodon/o- 
merusssrcus:  Pupa, 
ventral  view.  Great- 
ly enlarged.  (Orig- 
inal.) 


were  immediately  associated  with  one  or  another  of  its  chosen 
but  as  usual  it  did  tlie  unexpected,  and  it  has  been  reared  from 
silura  puparia  which  were  collected  at  the  base  of  trees  upcJn 
the  caterpillars  of  the  gipsy  moth  had  been  common.  It  has 
Ben  reared  from  tachinids  parasitic  upon  the  tussock  moth  (and 
t/he  tussock  moth  as  a  primary  parasite),  from  the  tent  cater- 
in  which  it  was  apparently  parasitic  upon  Pimpla,  and  from 
)coons  of  ApantfJes  lacteicolor  Vier.,  the  imported  brown-tail 
parasite.     Like  another  anomalous  species,  Pteromalus  egregiuSj 
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it  betrays  a  distinct  partiality  for  anything  that  savors  of  the  brown- 
tail  moth.  It  is  thereby  led  to  seek  out  the  molting  webs  of  the 
brown-tail  caterpillars  in  the  spring  and  consequently  comes  into 
contact  with  the  Apanteles  cocoons. 

THE    SARCOPHAOroS. 

There  has  been  considerable  controversy  in  the  past  concerning 
the  habits  of  the  Sarcophagidae,  and  a  wide  difference  of  opinion  as 
to  whether  thsy  were  to  be  considered  as  truly  parasitic,  or  whether 
they  were  merely  scavengers,  attacking   and  feeding  upon   insects 
which  had  died  through  some  other  cause.     In  the 
case  of  those  species  wliich  are  reared  from  grass- 
hoppers there  seems  to  be  no  furtlier  question  that 
they  are  to  be  classed  as  true  parasites  or  at  least 
that  they  are  as  truly  parasitic  as  many  of  the  more 
degraded  among  the  hymenopterous  parasites.     This 
seems  not  to  have  been  proved  of  any  of  the  species 
wliich    are    found   within   the   pupae   of   the  larger 
Lepidoptera. 

If  judgment  were  to  be  based  upon  the  occurrence 

of  sarcophagids   in    the   shipments   of   gipsy-moth 

Fig.  56.  -Gipsy. moth  pupae  from  abroad,  it  would  certainly  be  judged  that 

hoie^'ieft^by^V^  ^-hc    sarcophagids    were    parasitic.      Their   puparia 

dontomerua  xrrua,  (PI.  XX,  fig.  3),  havc  frequently  outnumbered  the 

Enlarged.  (Original.)    /,..,.  i  xi.     /    i-    -j  •  J 

tachimd  pupana,  and  even  the  tachimd  puparia  and 
hymenopterous  parasites  together.  Unfortunately,  there  is  notliing 
known  of  the  circumstances  under  wliich  tliis  material  was  collected 
in  any  instance,  and  for  ail  that  is  known  to  the  contrary,  the 
sarcophagids  actually  entered  gipsy-moth  pupae  wliich  had  been  at- 
tacked and  killed  by  another  parasite,  Chalcis  for  example,  and  by 
feeding,  first  upon  the  unconsumed  contents  of  the  pupal  shell,  and 
later  upon  the  body  of  the  true  parasite,  which  might  be  destroyed 
either  through  accident  or  design  on  the  part  of  the  intruder,  would 
become,  in  effect,  secondary  parasites. 

If  judgment  were  to  be  based  upon  the  results  of  a  quite  elaborate 
series  of  investigations  into  the  relations  between  the  native  sarco- 
phagids and  the  gipsy  moth  in  America,  it  would  unavoidably  be  to 
the  effect  that  these  sarcophagids  were  scavengers  and  nothing  more. 
We  are  confronted  with  conflicting  evidence,  presented  by  a  much 
greater  abundance  of  sarcophagids  associated  with  the  gipsy  moth  in 
Europe  than  is  similarly  associated  with  it  in  America,  which  is  sug- 
gestive of  two  things:  Either  the  sarcophagids  are  associated  with  the 
gipsy  moth  because  they  are  parasitic  upon  it  or  because  of  the  pres- 
ence of  its  parasites,  wliich  is  quite  as  reasonable  an  explanation.  It 
will  require  much  careful  work  in  Europe  before  it  will  be  possible  to 
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settle  tliis  point  at  all  definitely.  Meanwhile  it  does  not  seem  to  be 
advisable  to  attempt  the  introduction  of  the  European  sarcophagids 
until  we  know  whether  they  are  an  aid  in  the  control  of  the  moth  or  a 
possible  hindrance  to  the  work  of  the  parasites. 

The  special  investigations  which  were  conducted  for  the  purpose 
of  determining  the  exact  status  of  the  sarcophagids  in  America  in 
relation  to  the  gipsy  moth  were  conducted  by  Mr.  T.  L.  Patterson, 
and  have  been  made  the  subject  of  a  special  report.* 

Another  series  of  investigations,  conducted  by  Mr.  P.  H.  Timber- 
lake,  upon  the  parasites  of  the  pine  *' tussock  moth"  in  northern 
Wisconsin,  resulted  in  the  accumulation  of  evidence  which  pointed 
quite  convincingly  to  the  parasitic  character  of  certain  sarcophagids 
which  he  encountered  in  abundance  associated  with  tliis  insect. 
Unfortunately  it  is  not  wholly  convincing.  If  ii  could  be  accepted 
at  its  full  face  value  it  would  mean  that  in  these  flies  we  have  a  group 
of  dipterous  parasites  wholly  distinct  from  the  tachinids,  and  working 
in  a  wholly  different  manner.  The  taclunids  are  caterpillar  parasites, 
and  never,  so  far  as  has  been  recorded,  attack  the  caterpillar  after  it 
has  spun  for  pupation.  The  sarcophagids,  like  Pimpla,  Theronia, 
etc.,  are  pupal  parasites  and  will  be  grouped  together,  and  at  the  same 
time  apart  from  the  hymenopterous  pupal  parasites,  even  as  the 
tachinids  as  a  group  stand  beside  but  apart  from  the  hA^menopterous 
parasites  of  the  caterpillars. 

THE   PREDACEOUS    BEETLES. 

It  is  very  probable  that  further  studies  into  the  subject  of  natural 
predatory  enemies  of  the  gipsy  moth  will  result  in  the  addition  of  a 
considerable  number  of  names  to  the  list  of  predaceous  beetles  whicTi 
attack  it  in  one  stage  or  another  of  its  existence  and  with  more  or 
less  freedom.  The  egg  masses  received  from  abroad  have  very  fre- 
quently been  infested  with  small  dermestids,  and  in  the  forests  in  the 
vicinity  of  Kief,  Russia,  in  September,  1910,  large  numbers  of  the 
larvae  of  a  species  not  yet  determined  were  found  feeding,  to  all 
appearances,  upon  the  eggs  of  the  moth  as  well  as  upon  the  covering 
of  felted  hair. 

That  these  larvae  do  actually  eat  the  eggs  was  demonstrated  by  Mr. 
Bui^ess  during  liis  association  with  the  moth  work  as  conducted  by 
the  State  board  of  agriculture  in  1899  and  later  liis  observations  were 
confirmed  by  a  series  of  simple  experiments  conduoted  at  the  labora- 
tory. 

In  the  spring  of  1908  a  large  number  of  cocoons  of  the  tussock  moth 
with  egg  masses  attached  was  collected  in  East  Cambridge,  Mass., 
and  from  them  in  June  a  number  of  dermestid  beetles  issued,  deter- 
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mined  by  Mr.  E.  A.  Schwarz  as  Anthrenus  varius  Fab.  an( 
derma  tarsale  Melsh.  The  Trogoderma  was  the  more  commc 
two.  Later,  in  the  fall,  another  collection  of  old  cocoons  'w 
for  the  purpose  of  determining  the  status  of  these  beetles, 
found  that  both  of  them  fed,  as  larvae,  upon  the  eggs  of  the 
moth,  and  when  they  were  confined  in  vials  with  eggs  of  t 
moth  they  fed  not  only  upon  the  hairy  covering  of  the  egg 
but  also  upon  the  eggs  themselves.  Larvae  apparently  of  one 
species  have  several  times  been  received  at  the  laboratory  eu 
with  egg  masses  of  the  gipsy  moth,  which  were  in  each  insti 
lee  ted  upon  the  sides  of  buildings  or  in  other  situations  differ 
those  under  which  egg  masses  are  most  frequently  encountei 

As  soon  as  tlie  gipsy-moth  caterpillars  hatch,  if,  as  frequei 
pens,  the  egg  mass  is  situated  in  some  particularly  well-shelte 
the  young  caterpillars  are  liable  to  attack  by  small  carabid 
several  species  of  which  have  been  found  under  burlap  ban 
spring  apparently  feeding  upon  the  gipsy-moth  caterpillar 
stage.  Several  of  these  species  were  made  the  subject  of  casi 
in  the  summer  of  1910,  the  results  of  which  will  be  published 

The  elaterid  genus  Corymbites,  tliough  not  generally  re 
as  predaceous,  is  undoubtedly  more  or  less  addicted  to  a  diet 
insects.  An  adult  of  one  species  was  once  found  feeding  \ 
cocoons  of  Apanteles  fulvipes;  and  the  larva  of  another,  upon  < 
sion,  at  least,  upon  the  pupae  of  the  gipsy  moth.  There  a 
species  in  the  New  England  States.  Some  of  them  are  n< 
and  it  is  not  at  all  beyond  the  limits  of  probability  that  thej 
found  listed  among  the  predatory  enemies  of  the  gipsy  moth 
brown-tail  moth  when  these  lists  shall  have  been  finally  co 

Among  the  coccinellids  the  large  Anntis  15-punctata  Oliv.  1 
than  once  been  observed,  as  a  larva,  attacking  the  small  cal 
of  the  gipsy  moth,  and  it  is  not  at  all  unlikely  that  the  specie! 
ally  of  as  much  consequence  as  some  of  the  minor  parasites  i 
ing  in  the  control  of  the  pest. 

The  lampyrids,  too,  include  amongst  their  numbers  man] 
wluch  are  either  occasionally  or  habitually  predatory.  C 
which  abounds  in  eastern  Massachusetts  in  the  spring  flying 
the  tops  of  the  trees  and  crawling  over  the  foliage  was  enc< 
in  the  spring  of  1910  in  the  act  of  destroying  a  small  gip 
caterpillar.  Probably  one  beetle  would  not  destroy  man 
pillars  in  the  course  of  its  life,  but  there  are  such  swarms  of  th 
as  to  make  an  average  of  even  one  caterpillar  count  material 
end.  Some  of  the  lampyrids  are  nocturnal,  as  in  fact  are  a  gre 
of  the  proved  or  probably  predatory  Colcoptera,  and  their  ass 
with  the  gipsy  moth  is  not  likely  to  be  established  unless  spec 
toward  that  end  is  undertaken.     Such  studies  require  time 
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tienc«,  but  are  none  the  less  necessary  if  we  are  ever  to  know  all  that 
is  to  be  known  about  the  subject. 

None  of  the  beetles  mentioned  is  likely  to  attack  the  later-stage 
caterpillars,  but  among  the  larger  CarabidaB  is  to  be  found  a  variety 
of  species  which  are  not  only  able,  but  more  than  willing  to  destroy  the 
full-fed  caterpillars  and  pupae  whenever  opportunity  offers.  There  are 
many  such  in  Europe  which  do  not  occur  in  America,  and  altogether 
a  considerable  number  of  different  species  has  been  received  from 
abroad  and  tested  as  to  abUity  to  assist  in  the  control  of  the  gipsy 
moth  in  this  country. 

Three  characteristics  in  addition  to  abiUty  and  willingness  to  attack 
the  gipsy  moth  are  necessary  if  the  introduction  of  a  beetle  is  to  be 
seriously  undertaken  as  an  economic  experiment.  It  must  breed  at 
the  proper  season  of  the  year,  so  that  its  larvae  may  receive  the  ad- 
vantage of  the  practically  unlimited  food  supply  which  the  present 
superabundance  of  the  gipsy  moth  gives;  it  must  be  able  to  with- 
stand the  rigors  of  the  New  England  climate,  and  not  only  the  adult 
beetles  but  their  young  must  be  arboreal  in  habit.  An  abundance 
of  species  both  native  and  foreign  will  feed  freely  upon  the  gipsy 
moth  in  confinement,  but  of  these  only  a  few  will  seek  out  the  cater- 
pillars or  pupae  in  the  situations  in  which  they  are  to  be  found  in 
America.  The  adults  of  a  portion  of  this  number  do  habitually  climb 
into  the  trees  in  search  of  their  prey,  but  not  all  such  are  similarly 
arboreal  during  their  larval  stages.  Of  those  which  are  arboreal,  or 
which  appear  to  be  arboreal,  during  all  of  their  active  life,  a  part 
appear  to  breed  at  the  wrong  season  of  the  year  and  another  part  do 
not  extend  their  range  into  a  sufficiently  high  latitude  to  make  them 
effective  as  enemies  of  the  gipsy  moth.  There  is  not  a  single  species 
native  to  America  which  meets  all  of  the  delicate  requirements  of  the 
situation,  but  such  a  species  has  been  found  abroad  in  Calosoma  syco- 
phanta  L.  (See  PI.  I,  frontispiece,  adult  eggs,  larvae,  and  pupa.)  This, 
of  all  of  the  numerous  species  of  predaceous  beetles  which  have  been 
investigated  at  the  laboratory,  bids  fair  to  be  of  real  assistance  in 
the  fight  which  is  being  waged. 

Like  all  the  larger  carabids  inhabiting  the  temperate  regions,  this 
species  is  terrestrial  during  a  considerable  portion  of  its  hfe  cycle,  but 
both  adults  and  young,  which  are  equally  voracious,  cUmb  freely  into 
the  trees  in  search  of  their  prey.  The  eggs  are  deposited  in  the  earth, 
and  the  yoimg  larvae  upon  emerging  are  possessed  of  a  remarkable 
vitaUty  and  sufficient  strength  and  cunning  to  enable  them  to  seek 
out  and  successfully  to  attack,  when  found,  the  largest  and  most 
active  of  the  gipsy-moth  caterpillars.  They  also  attack  the  pupae 
with  even  greater  freedom,  and  once  ensconsed  within  such  a  mass 
of  pupae  as  is  frequently  encountered  in  partially  protected  situations 
upon  a  badly  infested  tree,  will  rapidly  complete  their  growth  without 
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leaving  the  spot.  The  full-fed  larv»  seek  the  earth  and,  burrowing 
well  below  the  surface,  construct  a  vaulted  pupal  cell,  within  which 
the  final  transformation  takes  place  during  the  late  summer  or  fall. 
The  adult  beetles  remain  quiescent  and  as  a  rule  do  not  issue  until 
late  in  the  succeeding  spring. 

The  breeding  season  coincides  almost  exactly  with  the  caterpillar 
season.  The  hibernated  beetles  begin  egg  deposition  just  a  little 
before  the  caterpillars  are  large  enough  to  be  easily  found  and  attacked 
by  their  young;  the  height  of  their  activities  in  this  direction  is  at  a 
time  when  their  young  are  best  provided  for,  and  they  cease  oviposi- 
tion  very  shortly  after  the  gipsy  moths  themselves  begin  to  deposit 
eggs  for  a  new  brood.  Very  shortly  thereafter,  with  summer  still 
at  its  height,  the  adult  beetles,  both  male  and  female,  burrow  deep 
into  the  soil  and  become  dormant,  awaiting  the  arrival  of  another 
spring. 

The  data  as  given  above  concerning  the  life  and  habits  of  Calosoma 
sycopTianta  have  been  accumulated  by  Mr.  A.  F.  Burgess,  who  has 
had  full  charge  of  that  part  of  the  laboratory  work  which  had  to  do 
with  the  predatory  beetles  since  the  late  summer  of  1907.  Up  to 
that  time  the  pressure  of  other  work  was  so  great  as  to  render  impos- 
sible any  systematic  studies  along  that  or  similar  lines.  The  first  of 
the  adult  beetles  of  this  species,  together  with  a  smaller  quantity  of 
another,  Calosoma  inquisitor  L.,  were  imported  and  in  part  liberated 
in  the  spring  of  1906.  A  few  were  confined  within  the  large  out-of- 
door  cages  of  the  type  already  figured  and  briefly  described  (see  PI. 
XIV),  and  reproduction  was  secured  in  the  instance  of  Calosoma 
sycopTianta,  Neither  Mr.  Titus  nor  Mr.  Mosher  was  able  to  give  this 
phase  of  the  work  the  attention  which  it  really  deserved,  and  while 
their  observations  were  sufficient  to  cover  most  of  the  saUent  points 
in  the  hfe  history  of  the  predator,  there  was  still  an  abundance  of 
opportunity  for  further  studies. 

In  1907  early  and  not  very  systematic  surveys  of  the  several  field 
colonies  established  by  Mr.  Titus  the  year  before  failed  to  result  in 
the  recovery  of  the  beetle.  Accordingly,  when  similar  experience 
with  others  among  the  introduced  insects  had  indicated  that  larger 
colonies  were  likely  to  be  required,  it  was  determined  to  hberate  all 
the  adult  Calosomas  in  one  locahty  as  they  were  received  from  abroad, 
and  thus  secure  its  establishment,  if  this  were  possible,  before  attempt- 
ing further  artificial  dispersion.  This  was  done,  and  several  himdred 
had  been  received  and  thus  Liberated  by  the  time  Mr.  Burgess  was 
ready  to  take  full  charge  of  the  work. 

Although  it  was  quite  late  in  the  season,  Mr.  Burgess,  with  the 
assistance  of  Mr.  C.  W.  Collins,  who  has  remained  associated  with 
him  ever  since,  succeeded  in  securing  the  eggs  and  in  carrying  to 
maturity  several  larvae  of  the  species  in  close  confinement  in  jars  of 
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earth,  and  effectually  demonstrated  the  superiority  of  this  method 
over  that  involving  the  use  of  the  large  out-of-door  cages.  The  fol- 
lowing spring  the  work  was  undertaken  upon  a  considerably  larger 
scale,  and  along  still  more  specially  developed  lines.  From  the 
hibernated  parent  stock,  and  from  newly  imported  beetles,  he  reared 
large  numbers  of  larvae,  a  part  of  which  were  allowed  to  complete 
their  transformations  in  confinement,  while  others  were  colonized 
directly  in  the  open  when  about  half  grown.  These  larval  colonies 
promised  to  be  successful,  and  accordingly  the  work  of  rearing  the 
larvae  and  distributing  them  throughout  the  gipsy-moth-infested  area 
in  eastern  Massachusetts,  with  an  occasional  incursion  into  other 
parts  of  the  infested  area,  was  continued  throughout  1909  and  1910. 

Meanwhile,  beginning  in  the  late  summer  of  1907  and  continuing 
uninterruptedly  until  the  close  of  the  season  of  1910,  Calosoma  has 
been  steadily  gaining  in  the  confidence  of  those  who  have  watched 
its  progress.  Its  larvae  were  first  recovered  from  the  field  at  just 
about  the  time  when  Mr.  Bui^ess  first  took  over  the  beetle  work,  and 
its  abUity  to  complete  its  seasonal  cycle  in  America  unassisted  was 
thus  indicated.     The  large  colony  was  also  proved  to  be  unnecessary. 

Its  progress  in  the  field  was  slow  at  first,  even  in  the  instance  of 
the  large  adult  colony  founded  in  1907  before  it  was  known  to  have 
become  established.  In  1908  its  larvae  were  found  in  abundance  in 
the  center  of  this  colony,  but  not  to  any  great  distance  away  from 
the  point  where  the  beetles  had  first  been  Uberated.  In  1909  the 
spread  was  more  rapid,  but  at  the  same  time  restricted  in  comparison 
with  that  which  became  evident  in  1910.  As  will  be  seen  by  reference 
to  the  accompanying  map  (PI.  XXIV)  which  has  been  prepared  by 
Mr.  Burgess  from  the  results  of  the  scouting  work  of  three  years,  its 
apparent  or  discernible  dispersion  has  been  at  a  rapidly  increasing 
rate  each  year  in  the  instance  of  colonies  which,  like  these,  chanced 
to  be  so  happily  located  as  to  allow  for  imrestricted  and  uninter- 
rupted increase  from  the  start. 

At  the  present  time  there  is  every  prospect  that  a  continued  rapid 
increase  for  a  few  years  more  will  result  in  an  abundance  of  the 
beetles  sufficient  to  render  very  efficient  aid  in  the  fight  against  the 
moth.  It  is  not  expected  that  they  will  be  of  very  much  assistance 
m  locaUties  in  which  the  moth  is  reduced  to  such  numbers  as  to  make 
control  through  parasites  such  as  CompsUura  and  others  of  its  char- 
acter possible,  but  it  is  expected  that  whenever  the  moth  breaks  out 
of  bounds,  and  increases  to  such  abundance  as  to  afford  the  beetles 
and  their  larvae  an  unlimited  food  supply,  first  migration  and  later 
rapid  multiplication  of  the  beetle  will  result.  In  this  respect  the 
r61e  played  by  Calosoma  is  similar  to  that  which  is  rather  confidently 
expected  of  Blepharipa. 
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THB  BOa  PABASITES  OF  THB  BBOWN-TA£L  HOTH. 
THE   GENUS   TRICHOGRAMMA. 

The  parasites  belonging  to  the  genus  Trieliogramma,  of  which  sev- 
eral have  been  reared  from  eggs  of  the  brown-tail  moth,  are  the  most 
minute  of  any  which  have  been  handled  at  the  laboratory,  and  are 
among  the  smallest  of  insects.  The  egg  of  the  brown-tail  moth  is  in 
form  of  a  flattened  spheroid,  approximately  as  large  in  its  greatest 
diameter  as  the  printed  period  which  ends  this  sentence.  NormaUy 
two  or  three  individuals  of  the  parasite  pass  through  all  of  their 
transformations  from  egg  to  adult  upon  the  substance  of  a  single 
host  egg,  and  in  exceptional  instances  as  many  as  10  perfect  adults 
are  known  to  have  issued  from  one  egg.  This  is  the  more  remarkable 
when  it  is  remembered  that  the  female  Trichogranmia  is  sexually 
mature  at  the  time  of  issuance,  and  ready  to 
deposit  a  large  number  of  eggs  for  a  new 
generation. 

The  mother  parasite  exhibits  little  discretion 
in  the  selection  of  host  eggs  for  attack  (fig.  57), 
and  if  any  dependence  is  to  be  placed  upon 
observations  which  have  been  made  in  the 
laboratory,  she  is  quite  as  likely  to  select  eggs 
which  contain  caterpillars  nearly  ready  to 
hatch  as  those  which  are  freshly  deposited. 
The  feeding  habits  of  her  young  are  such  as  to 
permit  a  considerable  latitude  in  this  respect, 
but  there  is  a  certain  limit,  and  after  the  em- 

Fio.  57.— Tnchogramma  sp.  in,  i»iii  i  ii  j 

actofovipositioninaneggof    Dry ological  development  has  passed  beyond  a 
the  brown-uii  moth.  Great-    certain  point  in  the  host  egg,  the  attack  by  the 

ly  enlarged.    (Original.)  ^^ .  ^&'      .  ^ 

parasite  is  unsuccessful.  It  is  much  better 
that  the  host  egg  be  dead  than  that  it  contain  a  living  embryo  in  the 
later  stages  of  its  development. 

The  life  cycle,  from  egg  to  adult,  varies  very  considerably  in 
length  in  accordance  with  the  prevailing  temperature.  In  the  summer 
it  may  be  completed  in  as  short  a  period  as  nine  days,  while  in  the 
fall  three  weeks  6r  more  may  be  required.  If  the  temperature  falls 
below  certain  limits  the  young  parasites  will  hibernate  or  attempt 
to  hibernate,  and  thereafter  their  development  may  be  delayed  for 
several  weeks,  or  even  months,  even  though  they  are  exposed  to 
continuous  high  temperature  during  this  period. 

After  about  one-third  of  the  time  requisite  for  the  completion  of 
the  life  cycle  has  elapsed,  the  eggs  begin  to  turn  dark,  and  finally 
become  shining,  lustrous  black  (fig.  58).  This  change  is  brought 
about  by  the  preparation  of  the  larvae  for  pupation. 
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Three  races  or  species  have  been  reared  from  the  eggs  of  the  brown- 
tail  moth,  two  of  them  being  European  and  the  third  American. 
The  American,  according  to  Mr.  A.  A.  Girault,  to  whom  the  series  of 
mounted  individuals  was  submitted  for  determination,  is  the  com- 
mon and  widely  distributed  Trichogramma  pretiosa  Riley.  One  of  the 
Emx>pean,  which  is  here  referred  to  as  the  pretiosa-hke  form,  is  or 
appears  to  be  structurally  identical  with  the  American  pretiosa.  It 
differs  in  that  the  progeny  of  parthenogenetic  or  unfertilized  females 
is  either  of  both  sexes,  or  else  exclusively  female,  while  the  progeny 
of  unfertilized  females  of  the  American  species  has  always  been 
exclusively  male  in  the  very  considerable  number  of  reproduction 
experiments  with  such  females  which  have  been  carried  on  at  the 
laboratory. 

Tlie  other  European  species  may  at  once  be  distinguished  from  either 
of  its  congeners  by  its  dark  color,  as  well  as  by  other  characters  of 
taxonomic  value.  Like  the  American  race  of  T,  pretiosa  which  was 
studied  at  the  laboratory,  it  produced  males  exclusively  as  the 
result  of  parthenogenetic  re- 
production. 

It  seems  to  the  writer  that 
in  the  two  morphologically 
identical  but  biologically  dis- 
tinct races  of  Trichogramma    fio.  &s.-Eggs  of  the  brown-taii  moth,  a  portion  of 

(T,  pretiosa,  American  or  Eu-         ^'^^^^^  ^^  ^^^  parasitized   by  Trichogramma  sp. 
^     .  I  v.    X  •  XI  (Original.) 

ropean)  we  have  what  is  noth- 
ing less  than  two  species,  quite  as  distinct  as  are  the  species  of 
bacteria,  for  example,  which  are  founded  upon  cultural  characters. 
If  the  manner  in  which  a  bacterium  reacts  when  cultivated  upon 
a  certain  medium  prepared  after  a  fixed  formula  may  be  considered 
as  sufficient  to  separate  it  specifically  from  an  otherwise  indis- 
tinguishable form  which  reacts  in  a  different  manner  under  identical 
eircunistances,  why  may  not  the  same  distinctions  be  made  to  apply 
to  insects  ?  It  may  not  appeal  to  the  taxonomist  and  student  in 
comparative  insect  morphology,  but  it  certainly  will  appeal  to  the 
economic  entomologist,  who  has,  or  ought  to  have,  a  greater  interest 
in  the  biological  than  in  the  anatomical  characteristics  of  the  subjects 
of  his  investigations.  The  case  of  Trichogramma  is  by  no  means 
unique.  That  of  Ta^Jiina  meUay  which  is  practically  indistinguishable 
frojn  T,  larvarum  but  which  reacts  differently  in  its  association  with 
the  gipsy  moth,  is  another.  Another  is  to  be  found  in  the  American 
and  European  races  of  Parexorista  chelonix.  There  are  also  others, 
which  need  not  be  mentioned  here,  but  which  will  receive  attention, 
it  is  hoped  and  intended,  at  some  future  time. 

Tliese  statements  concerning  the  behavior  of  the  several  forms  of 
fe'pecies  of  the  genus  Trichogramma  are  based  upon  the  results  of 
90677'— Bull,  9X— Jl 17 
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something  like  275  separate  but  similar  experiments  in  their  repro- 
duction in  confinement  in  the  laboratory.  It  is  of  course  possible, 
since  it  was  especially  desired  to. continue  the  experiments  as  long 
as  possible  with  individuals  of  known  parentage,  that  the  results  are 
misleading.  Possibly  had  American  Trichogramma  been  collected 
in  the  open  from  a  variety  of  sources,  a  race  might  have  been  found 
which  was  arrhenotokous,  even  as  the  similar  search  might  have 
resulted  in  the  discovery  of  a  thelyotokous  race  in  Europe.  As  it 
is,  the  American  stock  was  once  renewed.  In  1907  a  series  of  experi- 
ments was  conducted  with  parent  stock  reared  from  brown-tail  moth 
eggs  collected  in  Maine,  and  in  1908  a  similar  but  more  extensive 
series  with  parent  stock  from  eggs  of  the  brown-tail  moth  collected 
in  Massachusetts.     In  each  instance  the  results  were  the  same. 

The  longest  series  of  experiments  with  the  arrhenotokous  Euro- 
pean race  was  with  the  progeny  of  individuals  reared  from  one  lot 
of  European  eggs  froji  the  Province  of  Camiola,  Austria.  Similar 
experiments  with  one  other  lot  of  females  upon  another  shipment 
of  ^gs  from  the  same  Austrian  province  and  perhaps  from  the  same 
locality  resulted  similarly,  but  the  series  was  not  nearly  so  long.  In 
the  first-mentioned  series  13  generations  were  reared  in  the  laboratory, 
all  but  the  first  three  being  parthenogenetic.  Males  were  secured 
at  one  time,  and  for  a  limited  number  of  generations,  but  soon  dis- 
appeared, even  from  the  progeny  of  mated  females.  The  results 
of  these  experiments  will  be  published  in  detail  later. 

Importations  of  egg  masses  of  the  brown-tail  moth  which  had  been 
collected  in  the  open  in  Europe  were  first  attempted  in  the  summer  of 
1906,  and  from. almost  the  first  of  those  which  were  received  at  the 
laboratory  a  few  examples  of  the  pretiosor-Uke  European  form  were 
reared.  Mr.  Titus  attempted  to  secure  reproduction  in  the  labora- 
tory that  first  season,  but  as  he  had  no  supply  of  host  eggs  in  which 
embryonic  development  was  not  considerably  advanced,  his  attempts 
met  with  failure. 

In  1908  a  larger  number  of  egg  masses  of  the  brown-tail  moth  was 
imported  from  a  great  variety  of  European  locaUties,  and  as  before, 
the  pretiosaAike  Trichogramma  was  quickly  secured.  The  failure 
of  the  previous  season  and  its  cause  had  early  been  taken  into  ac- 
count, and  some  time  before  a  large  quantity  of  fresh  eggs  of  the 
brown-tail  moth  had  been  collected  and  stored  at  a  temperature 
sufficiently  low  to  prevent  embryological  development.  When  sup- 
plied with  a  quantity  of  these  eggs  the  imported  Trichogramma  ovi- 
posited with  the  greatest  freedom,  and  in  the  course  of  a  few  genera- 
tions had  increased  enormously,  so  that  many  thousands  were  lib- 
erated later  in  the  fall.  It  was  conclusively  demonstrated  that 
even  though  the  host  eggs  were  dead,  abundant  reproduction  cayld 
be  easily  obtained  under  laboratory  conditions. 
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A  large  number  of  parasitized  eggs,  containing  the  brood  in  various 
stages  of  development,  were  placed  in  cold  storage  and  kept  until 
the  following  June  and  July,  when,  upon  being  removed,  a  few  of 
the  parasites  completed  their  transformations.  With  these  as  pa- 
rents large  numbers  were  reared  in  the  laboratory  upon  the  fresh 
eggs  of  the  brown-tail  moth,  at  that  time  abundantly  available,  and 
the  cold-storage  experiment  was  repeated  during  the  winter  of  1908-9 
with  much  better  results  than  before.  An  abundant  supply  of  parent 
females  was  available  in  the  summer  of  1909,  and  a  great  many 
thousands  of  the  parasite  were  reared  and  liberated  under  the  most 
favorable  conditions  which  could  possibly  be  desired  or  devised. 
Many  thousands  were  known  to  have  issued  from  parasitized  eggs 
contained  in  small  receptacles  attached  to  the  branches  of  the  trees 
upon  which  the  brown-tail  moths  were  even  then  depositing  eggs 
m  abundance. 

No  false  hopes  were  felt  as  to  the  probable  success  of  this  venture. 
It  has  been  amply  demonstrated  in  the  laboratory  that  the  females 
were  unable  to  penetrate  the  egg  mass  for  the  purpose  of  oviposition, 
and  the  location  in  the  mass  of  the  few  eggs  parasitized  by  the 
American  race  of  pretiosa  indicated  sufficiently  well  the  inability  of 
that  species  to  do  better  in  the  open  than  either  it  or  the  European 
would  do  in  confinement. 

Accordingly  no  disappointment  was  felt,  when  it  was  found  that 
the  degree  of  parasitism  effected  by  the  European  species  in  the 
immediate  vicinity  of  the  colony  sites  was  hardly,  if  any,  greater  than 
that  ordinarily  effected  by  the  native  species.  It  is  hardly  a  physical 
possibility  for  Trichogramma  to  effect  more  than  a  small  percentage 
of  parasitism  in  the  egg  mass  of  the  brown-tail  moth,  and  the  value 
of  the  genus  as  represented  by  the  three  species  or  forms  which  have 
been  studied  at  the  laboratory  is  slight. 

At  the  same  time,  it  is  not  felt  that  the  labor  which  has  been 
expended  in  an  attempt  to  give  Trichogramma  a  fair  test  has  been 
altogether  lost.  There  are  numerous  other  hosts  upon  which  it  is 
a  very  efficient  parasite,  and  it  is  easily  conceivable  that  at  some 
future  time  it  will  be  found  possible  to  utilize  it  in  some  manner 
which  the  circumstances  themselves  will  suggest. 

As  a  possible  example  may  be  mentioned  the  tortricid  Archips 
rosaceana  Harris,  which  at  times  becomes  a  pest  in  greenhouses 
devoted  to  the  growing  of  roses.  In  Volume  II,  No.  6,  of  the  Journal 
of  Economic  Entomology,  Prof.  E.  D.  Sanderson  describes  such  an 
outbreak  in  a  large  rose  house  in  New  Hampshire  under  the  heading 
of  ''Parasites."     Prof.  Sanderson  says: 

The  outbreak  observed  by  us  furnished  a  case  of  the  most  completo  parasitism  we 
have  ever  seen.  When  first  observed,  in  late  July,  from  one-third  to  one-half  of  the 
eggs  were  parasitized  by  a  species  of  Trichogramma.    Two  weeks  later  it  was  difficult 
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to  find  an  egg  maas  in  which  over  95  per  cent  of  the  eggs  did  not  contain  the  black 
pupa?  of  the  parai^ite  and  in  most  cases  99  to  100  per  cent  were  affected.  So  effective 
were  the  parasites  that  the  control  of  the  outbreak  was  undoubtedly  due  to  them  much 
more  than  to  any  remedial  measures. 

At  about  the  time  when  the  American  parasite  was  reaching  a  state 
of  ediciency,  a  large  number  of  eggs  of  the  brown-tail  moth  contain- 
ing the  brood  of  one  of  the  European  species  was  sent  to  Prof.  Sander- 
son for  Uberation  m  the  rose  house.  They  were  received  too  late  for 
service,  but  had  they  been  sent  at  an  earlier  date  it  might  easily  have 
been  claimed,  and  with  perfect  confidence,  that  the  final  results  were 
the  direct  outcome  of  the  colonization  experiment. 

In  such  circumstances  as  these  it  would  (or  at  least  it  seems  from 
this  distance  as  though  it  would)  easily  be  possible  and  practicable 
to  collect  masses  of  the  parasitized  eggs  and  by  keeping  them  in  cold 
storage  have  ready  at  hand  within  the  following  twelvemonth  a 
supply  of  the  parasites  which  would  be  available  should  the  natural 
stock  perish  through  lack  of  food,  and  the  destructive  increase  of  the 
host  follow.  Parasitized  eggs  could  be  sent  from  one  greenhouse  to 
another,  and  stock  could  be  kept  in  cold  storage  in  one  city  to  be 
drawn  upon  by  a  fiorist  in  any  other  part  of  the  country  when  need 
arose. 

Another  possible  use  for  the  parasite  is  as  an  enemy  of  HeUothis, 
which  is  causing  serious  injury  to  tobacco  in  Sumatra.  Dr.  L.  P. 
De  Bussy,  biologist  of  the  tobacco  growers^  experiment  station  at 
Deli,  has  already  undertaken  its  introduction  there,  and  will  attempt 
to  handle  it  after  somewhat  the  same  manner  as  that  above  described. 

TELENOMUS    PHAL^NARUM    NEES. 

A  small  number  of  this  species  was  reared  from  imported  eggs  of 
the  brown-tail  moth  from  several  European  localities  in  1906,  and  an 
attempt  was  made  to  secure  reproduction  in  the  laboratory.  Ovi- 
position  was  secured,  as  in  the  instance  of  similar  attempts  with 
Trichogramma,  but  it  did  not  result  successfully,  and  apparently  for 
the  same  reason. 

In  1907  a  somewhat  larger  number  was  reared,  and  an  abundant 
supply  of  suitable  host  eggs  having  been  provided,  this  number  was 
soon  increased  several  fold,  and  one  large,  and  several  smaller  colonies 
of  the  parasite  were  liberated  under  very  satisfactory  conditions  late 
in  the  summer.  It  was  found  that  the  reproduction  could  be  secured 
upon  host  eggs  which  had  been  killed  through  exposure  to  cold,  and 
the  experiment  was  made  of  hibernating  the  brood  in  cold  storage, 
but  without  success. 

In  1908  the  quantity  of  eggs  of  the  brown-tail  moth  imported  was 
smaller  than  during  the  previous  year,  and  only  a  very  small  propor- 
tion of  them  proved  to  be  attacked  by  the  Telenomus.     Not  nearly 
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enough  for  a  satisfactory  colony  were  reared,  and  again  it  was  at- 
tempted to  hold  the  brood  over  winter  in  cold  storage,  and  again  the 
attempts  failed. 

If  judgment  is  based  upon  the  percentage  of  parasitism  by  this 
species  in  the  lots  of  egg  masses  of  the  brown-tail  moth  which  have 
been  received  from  abroad,  it  is  an  unimportant  parasite  in  Europe. 
Partly  on  this  account,  and  more,  perhaps,  because  it  was  colonized 
so  satisfactorily  in  1907,  no  further  attempts  to  secure  its  introduction 
into  America  have  been  made.  Neither  has  a  serious  attempt  to 
recover  it  from  the  field  in  the  vicinity  of  the  1907  colony  site  been 
made,  and  it  may  have  become  estabhshed  from  this  colony. 

The  plans  for  field  work  in  1911  include  the  collection  of  a  large 
number  of  eggs  of  the  brown-tail  moth  from  the  general  vicinity  of 
the  larger  colonies  of  1907  and,  if  arrangements  can  be  perfected,  for 
a  study  of  the  extent  to  which  the  eggs  of  the  brown-tail  moth  are 
attacked  by  parasites  in  Europe.  As  in  the  case  of  every 'other  class 
of  parasite  material  received  at  the  laboratory,  nothing  is  known  of 
the  circumstances  under  which  those  egg  masses  which  were  received 
from  1906  to  1908  were  collected.  It  may  easily  be  that  they  were 
collected  too  soon  following  their  deposition  to  permit  of  their  having 
been  parasitized  to  anything  Uke  the  extent  which  would  have  come 
about  had  they  been  allowed  to  remain  in  the  open  for  a  few  days 
longer,  and  in  at  least  one  instance  the  receipt  of  the  masses  with  a 
dead  female  moth  accompanying  each  was  sufficient  to  more  than 
justify  such  doubts. 

PABASITBS    WHICH    HIBEItNATE     WITHIN    THS    WEBS    OF    THE 
BBOWN-TAIL  MOTH. 

Partly  because  it  has  been  practicable  to  imj)ort  the  gipsy  moth 
and  the  brown-tail  moth  in  the  hibernating  state  in  better  condition 
than  it  has  been  possible  to  import  their  active  summer  stages,  but 
equally  because  there  has  been  ample  time  and  opportunity  to  study 
them  during  the  winter  months  when  only  a  limited  amount  of  field 
work  could  be  done,  it  has  been  possible  to  learn  more  of  tlie  parasites 
which  hibernate  within  the  gipsy-moth  eggs  and  the  nests  of  the 
brown-tail  moth  than  of  those  parasites  which  are  only  associated 
with  the  same  hosts  during  a  more  or  less  Umited  time  in  the  summer. 
The  winter  nests  of  the  brown-tail  moth  have  from  the  beginning 
been  the  subject  of  an  increasingly  intensive  study,  and  as  a  result 
more  is  known  of  the  parasites  which  hibernate  within  them  than  of 
any  other  group  of  brown-tail  moth  or  the  gipsy-moth  parasites  with- 
out excepting  even  the  parasites  of  the  gipsy-moth  eggs. 

Very  large  numbers  of  these  nests,  amounting  in  the  aggregate  to 
more  than  300,000,  have  been  imported  each  winter  from  that  of 
1905-6  to  that  of  1909-10,  inclusive,     Now  that  all  of  the  primary 
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parasites  knowTi  to  hibernate  \iithin  them  are  believed  to 
oughly  well-established  in  America,  their  importation  has 
continued. 

These  parasites,  including  two  which  are  secondary,  nun 
species  in  all,  and  will  be  first  considered  as  a  group.  In  t 
quent  pages  each  \^ill  be  taken  up  separately,  and  the  st 
importation  and  progress  in  America  will  be  told.  The  spe< 
follows: 

Moiwdontomerus  sereus  Walk.  Adult  females  hiberna 
the  nests,  but  do  not  attack  the  caterpillars. 

Pteromalus  egregius  Forst.  Females  enter  the  nest  ir 
and  oviposit  upon  the  caterpillars  after  they  have  become 
Their  eggs  are  deposited,  and  the  larvae  feed  externally  (fie 
coming  full  fed  before  cold  weather  puts  a  stop  to  their 
Transformations  are  completed  in  the  spring,  and  adults  o 
generation  leave  the  nests  about  two  or  three  weeks  folio  win 

tion  of  activit 
part  of  the  cat< 
Apanteles 
Vier.  Attack  i 
ably  made  upoi 
small  active  ct 
in  the  fall  be 
enter  the  nest 
winter.  The  p 
caterpillars  hi 
and  resume  a 
the  spring.  A 
time  when,  hat 
mained  he  alt 
would  have  n 
the  first  time, 

and  the  parasite  larva  soon  issues  and  spins  a  wiiite  coco< 
the  moltmg  web,  which  may  or  may  not  be  upon  the  vAn 
There  is  no  second  generation  upon  the  caterpillars  of  \\ 
tail  moth  the  same  season. 

Meteorus  t^ermcohr  Wesm.  Habits  essentially  the  same 
of  Apanteles  until  after  the  caterpillars  have  resumed  activ 
spring.  The  parasitized  individuals  usually  live  to  molt  < 
are  overcome  and  destroyed  away  from  the  molting  web 
The  cocoons,  which  are  characteristic  of  the  genus,  swing 
end  of  long  threads.  The  adults  issuing  from  them  imi 
attack  the  larger  caterpillars  of  the  brown-tail  moth  for 
generation. 

Zygohothria  nidicola  Towns.  Hibernating  liabits  similar 
of  Apanteles  and  Meteorus.  The  affected  caterpillars  bei 
grown  and  spin  for  pupation  before  being  overcome  by  their 
Sometimes  they  pujiatc.  The  parasite  adult  issues  at  aboui 
when  the  moth  would  have  issued  had  the  caterpillar  com 
transformations.  There  is  but  one  generation  annually,  and 
natc  host  is  necessary. 


Fio.  59.— Larvao  of  Ptrromalwi  egrrgius  feeding  on  hibernating 
caterpillars  of  the  brown-tall  moth.  Much  enlarged.  (Origi- 
nal.) 


Digitized  by 


Google 


PARASITES   HIBERNATING  IN   BROWN-TAIL  WEBS. 


26d 


CompsUura  concinnaia  Meig.  Hibernating  larvae  are  occasionally 
found,  but  apparently  do  not  complete  their  transformations  in  the 
spring. 

Mesochorus  paUipes  Brischke.  Occasionally  reared  as  a  parasite 
of  Apanteles  lacteicotor.  The  Apan teles  larva  reaches  full  maturit v  and 
spins  its  cocoon,  but  is  overcome  before  pupating.  The  Mesochorus 
adult  issues  from  the  cocoon  a  very  few  days  later  than  would  the 
Apanteles  had  it  remained  alive. 

Entedon  aibitarsis  Ashm.  An  internal  parasite  within  the  larvae  of 
Pteromdhis  egregius. 

The  appearance  of  the  hibernating  larvae  of  the  Pteromalus  is  indi- 


y 


Fig.  60. — Portion  of  brown-tail  moth  nests,  torn  open,  showing  caterpUlars 
attacked  by  larTse  of  Pteromalus  egregius.    Enlarged.   (Original.) 

cated  fairly  well  in  the  accompanying  illustration  (fig.  6Q),  which 
represents  a ' '  pocket ' '  of  parasitized  caterpillars  torn  open.  Very  little 
of  interest  is  associated  with  the  life  and  feeding  habits  of  these  larvae. 
The  female  pierces  the  host  caterpillar  with  her  ovipositor  preliminary 
to  the  deposition  of  her  egg  externally, 
and  the  caterpillar  thus  stung  is  fre- 
quently rendered  quiescent,  and  may 
even  die  before  the  hatching  of  the  para- 
site larvae.  * 

The  hibernating  larva  of  Apanteles  is 
so  small  as  to  be  very  difficult  of  detec- 
tion until  after  it  has  resumed  activity 
in  the  spring  and  increased  in  size.  Its 
exact  appearance  during  the  hibernating  stage  can  not  be  de- 
scribed, because  nearly  every  specimen  found  has  been  injured 
more  .  or  less  in  the  removal.  The  accompanying  illustration 
(fig.  61)  is  from  a  sketch  made  by  Mr.  Timberlake  of  a  half-grown 
larva  from  life.  None  of  the  preserved  specimens  shows  the  curious 
projection  beneath  the  anal  bladderlike  appendage  which  latter  is 
characteristic  of  the  early  stage  larvae  of  the  subfamily  to  which 
Apanteles  belongs.     The  head  and  mouthparts  are  strikingly  dis- 
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Fio.  61.— Apanteles  lacteicolor:  Imma 
tare  larva  from  hibernating  caterpillar 
of  the  brown-tail  moth.  Much  en- 
larged.   (Original.) 
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similar  from  those  of  the  first-stage  Meteorus,  anil  are  so  little  differ- 
entiated as  to  be  indescribable. 

The  hibernating  stage  of  Meteonis  is  in  remarkable  contrast  to 
that  of  Apanteles.  The  accompanying  drawing  (fig.  62)  is  from  a 
balsam  mount,  and  represents  an  individual  which  has  resumed  activ- 
ity and  grown  very  slightly  larger  and  plumper  than  is  character- 
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Fig.  eCL— Meteorus  versicolor:  Immatare  larva  from  hibernating  caterpillar  of  the 
brown-tail  moth.    Much  enlarged.    (Original.) 

istic  of  its  hibernating  condition.  Thaso  larvas  are  curiously  anoma- 
lous, in  that  tliough  they  are  actually  first-stage,  the  head  alone  is 
considerably  larger  tlian  the  original  e'^<^  as  deposited  by  the  mother. 
An  interesting  series  of  dissections  made  by  Mr. 
Timberlake  in  the  spring  of  1910  served  to  ex- 
plain this  apparent  anomaly.  The  eggs  are  very 
small  when  first  deposited  and  almost  globular. 
Apparently  with  the  beginning  of  embr\"ological 
development  they  begin  to  grow  and  b}^  the  time 
the  inclosed  embryo  begins  to  assume  the  charac- 
teristics of  the  larva  they  have  reached  a  diame- 
ter at  least  four  times  greater  than  that  of  the 
newly  deposited  egg.  The  enormous  chitinized 
head,  with  strong,  curved  mandibles,  is  in  strange 
contrast  to  the  undifferentiated  cephalic  segment 
of  Apanteles  and  is  apparently  closely  analogous 
to  the  large-headed,  heavily  mandibled  larvie  of 
the  Platygasters,  as  described  by  Ganin,  Marchal, 
and  otliers.  There  are  many  points  of  resemblance 
between  the  two  forms,  and  it  would  seem,  without 
going  into  the  matter  at  all  deeply,  as  though  the 
type  of  embryological  and  early  larval  development 
characteristic  of  Meteorus  were  essentially  the  same 
as  that  of  the  Platygasters  and  many  ichneumonid 
genera,  while  that  of  Apanteles  would  have  to  be 
considered  as  of  an  ossentiall}"  different  type. 

In  both  Apanteles  and  Meteorus  the  later  larval  stages  are  much 
more  conventionalized  and  more  like  the  familiar  type. 

The  position  a^ssumed  by  the  Apanteles  larva  is  not  very  definitely 
known.     The  Meteorus  larva  usually  lies  superior  to  the  alimentary 


Fio.  (JS.—Zygobothria  ni- 
dicola:  First-stage larvie 
in  situ  In  walls  of  crop  of 
hibernating  brown-tall 
moth  caterpillar.  Great- 
ly enlarged.  (Original.) 
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canal,  its  axis  parallel  to  the  axis  of  the  body  of  the  host  caterpiUar, 
and  its  head  in  the  ultimate  or  penultimate  body  segment,  and 
pointed  toward  the  rear. 

The  larvae  of  Zygobothria  are  similarly  assigned  to  a  definite 
position,  and  in  otherwise  healthy  caterpiUars  have  invariably  been 
found  embedded  in  the  walls  of  the  crop,  as  indicated  by  figure  63. 
hi  appearance  they  are  typical  of  the  tachinid  first-stage  larvae  gen- 
erally, and  with  no  extraordinary  pointa  of  diflFerence  from  most 
others  of  the  group  to  which  they  belong.  Tliose  of  Compsilura 
(fig.  64)  may  be  found  in  similar  positions,  but  they  are  easily  dis- 
tinguishable from  Zygobothria  by  the  presence  of  the  three  chitinous 
anal  hooks  or  spines,  as  indicated  in  the  accompanying  figure. 

Nothing  is  known  of  the  hibernating  stage  of  Mesochorus.  It  does 
not  seem  probable  that  it  should  resemble  the  planidium  of  Perilam- 
pus,  which,  like  Mesochorus,  is  a  secondary  parasite  whicli  gains 
access  to  its  host  before  the  latter  has  left  the  body  of  the  caterpillar 
which  harbors  both  primar}''  and  secondary.  It  is 
presumed  that  it  will  be  representative  of  a  highly 
specialized  type  of  development  which  fits  it  for 
the  pecuUar  r6le  which  it  plays,  but  that  this  de- 
velopment will  have  been  along  wholly  different 
lines  from  that  which  has  taken  place  in  the  case 
of  Perilampus.  The  whole  genus,  apparently,  pos- 
sesses habits  similar  to  those  of  Mesochorus  paUipes. 
A  very  beautiful  and,  according  to  Mr.  Viereck,  an 
undescribed  species  has  been  reared  from  the 
cocoons  of  Apanteles  fisTcei,  parasitic  upon  a  species 
of  Parorgyia,  under  circumstances  which  indicate 
positively  that  attack  was  made  while  the  pri- 
mary host  was  still  alive.  The  same  may  be  said 
of  another  undetermined  species  which  has  simi- 
larly been  reared  from  Apanteles  Tiyphantrise, 

Mesochorus  paUipes  is  not  an  uncommon  parasite  of  Apanteles 
hcteicolor  Vier.,  having  been  reared  from  only  a  few  among  the  many 
locaUties  from  which  its  host  has  been  secured  in  numbers,  but  the 
average  proportion  of  parasitized  individuals  has  been  only  about 
2  per  cent. 

The  interrelations  of  these  several  parasites  thus  closely  associated 
with  one  stage  of  the  same  host,  and  consequently  with  each  other, 
are  interesting  and  peculiar.  Pteromalus,  of  course,  cares  little 
whether  the  host  caterpillar  selected  for  attack  is  parasitized  by 
one  or  more  of  the  endoparasites  which  hibernate  as  first-stage  larvae. 
The  female  will  undoubtedly  attack  parasitized  as  freely  as  it  will 


Fio.  64.— CompciJura  con- 
dnnata:  First-stage  lar- 
va. QreaUy  enlarged. 
(Original.) 
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attack  unparajsitized  caterpillars  and  its  larvae  develop  as  satisfac- 
torily upon  the  one  as  upon  the  other,  and  at  the  expense  of  the 
other  internal  parasites  as  well  as  of  the  primary  host.  But  the 
matter  does  not  stop  here.  The  adults  issue  from  the  hibernating 
nests  at  just  about  the  time  when  the  Apanteles  are  issuing  from  the 
young  caterpillars  and  spinning  their  cocoons  in  the  molting  webs, 
which  are  very  frequently  in  the  outer  interstices  of  the  very  same 
nests  from  which  the  Pteromalus  are  also  issuing.  The  females  of 
the  latter  are  ready  to  oviposit  almost  immediately  following  their 
eclosion,  and  will  oviposit  with  the  greatest  freedom  in  the  cocoons 
of  Apanteles  or  of  Meteorus  whenever  they  chance  to  encounter 
them.  Thus  it  comes  about  that  the  Pteromalus,  after  passing  one 
generation  as  a  primary  parasite  of  the  brown-tail  moth,  immediately 
passes  another  as  a  secondary  upon  the  same  host.  Undoubtedly  it 
would  thrive  equally  as  well  upon  Mesochorus  as  upon  Apanteles. 
Proof  of  this  could  unquestionably  be  secured  through  the  careful 
dissection  of  the  very  large  number  of  cocoons  from  which  it  had 
issued  in  the  laboratory,  some  of  which,  it  is  certain,  must  have  con- 
tained Mesochorus  as  well,  but  proof  is  really  unnecessary.  By 
doing  so,  it  becomes  tertiary  upon  the  same  host  as  that  upon  which 
it  is  habitually  and  regularly  a  primary  and  secondary  parasite. 

Entedon,  were  it  to  follow  Pteromalus  through  its  varied  adventures, 
would  in  like  manner  (as  it  probably  does)  become  successively  sec- 
ondary, tertiary,  and  quaternary. 

Monodontomerus,  commonly  a  primary  parasite  upon  the  pupa  of 
the  brown-tail  moth  or  gipsy  moth  and  only  present  as  a  regular 
guest  in  the  winter  nests,  is  none  the  less  pretty  intimately  connected 
with  them  in  other  ways.  It  directly  attacks  the  cocoons  of  the 
Apanteles,  acting  in  all  respects  like  a  secondary  parasite,  and  thereby 
comes  into  direct  conflict  with  Pteromalus,  one  of  the  other  of  which 
must  develop  at  the  expense  of  its  competitor.  It  also  will  become 
tertiary  whenever  it  chances  to  attack  a  cocoon  containing  Meso- 
chorus as  a  secondary  parasite  on  Apanteles.  It  is  also  a  parasite  of 
tachinid  puparia,  and  especially  of  tachinid  puparia  which  it  encoun- 
ters associated  with  the  gipsy  moth,  or  the  brown-tail  moth,  and 
thereby  becomes  a  parasite  of  Zygobothiia  and  m  consequence  a 
secondary  parasite  of  the  brown-tail  moth. 

Should  Apanteles  and  Meteorus,  or  Apanteles  and  Zygobothria 
chance  to  become  located  in  the  same  host,  the  Apanteles,  because 
of  its  more  rapid  development  in  the  spring,  would  certainly  be  the 
winner. 

When  Meteorus  and  Zygobothria  enter  into  competition  for  pos- 
session of  the  same  host  individual,  Meteorus  is  invariably  the  win- 
ner and  is  in  no  way  aflFected  by  the  presence  of  the  other  parasite. 
In  fact,  Zygobothria  is  twice  apt  to  be  the  victim  of  Meteorus,  which 
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goes  through  two  generations  before  the  tachinid  has  entered  its 
second  stage. 

Table  XI  has  been  prepared  for  the  purpose  of  showing  these  inter- 
relations graphically.  It  is  to  be  understood,  of  course,  that  not 
in  every  instance  have  the  exact  relations  thus  set  forth  been  actually 
observed;  but  it  is  perfectly  safe  to  say  that  they  are  not  only  within 
the  bounds  of  probability,  but  that  they  actually  occur  in  nature. 
The  only  point  concerning  which  doubt  is  felt  is  in  the  hyperparasit- 
ism  of  Entedon  upon  Pteromalus,  when  Pteromalus  itself  is  hyperpara- 
sitic  upon  Apanteles  or  Meteorus. 

Table  XI. — Possible  interrelations  between  parasites  hibernating  in  brown-tail  cater- 
pillars. 


Primary  parasites. 


Pteromalus  egregius 
Apanteles  lactei- 
color. 


Meteorus  versicolor. 


Zygobothria   nidi- 
cola. 


UoDodontome  r  u  s 
a>reu8. 


Secondary  super-  or 
hjrper-parasites. 


Entedon  albitansis.i 
Pteromalus  egre- 

gius.i « 
Mesochorus  pallipes.^ 

Monodonto  m  e  r  u  s 

aereus.' 
Apanteles  lactei- 

color.' 


Pteromalusegre- 

gius.» « 
Apanteles  lactel- 

color.> 


Meteorus  versicolor  >. 

Monodont  o  m  e  r  u  s 
taeusA 

Pteromalus  egre- 
gius.' 


Tertiary  super-  or 
hyper-parasites. 


Entedon  albitarsis.* 

Pteromalus  egre- 
giu8.« 


Pteromalus  egre- 
gius.' 
Mesochorus  pallipes.' 

Monodonto  m  e  r  u  s 

aBreus.» 
Entedon  all^itarsis.i 

Pteromalus  egre- 

gius.i « 
Mesochorus  pallipes.' 

Monodonto  m  e  r  u  s 


Pteromalus  egre- 
gius.»« 


Entedon  albitarsis.* 


Quaternary  super- 
or  hyper-parasites. 


Entedon  albitar- 
sis.i 


Entedon  albitar- 
sis.i 

Pteromalus  egre- 
gius.' 


Entedon  albHar^ 
sis.i 

Pteromalus  egre- 
gius.' 


Entedon    albitar- 
8is.» 


Quinquinary  super- 
or  h3rper-parasites. 


Entedon     albltar- 
sis.i 


Do.i 


1  llyperparasitic  relations.  '  Superparasitic  relations. 

PEDICULOIDES   VENTRICOSUS    NEWP. 

During  the  winter  of  1908-9  trouble  was  experienced  in  the  work 
of  breeding  Pteromalus,  the  exact  nature  of  which  was  not  imme- 
diately apparent.  There  were  numbers  of  the  reproduction  experi- 
ments in  which  the  proportionate  number  of  progeny  to  parents  used 
was  much  below  that  which  had  hitherto  been  secured  as  the  result 
of  similar  work  in  the  previous  spring.  An  examination  of  the  nests 
of  the  brown-tail  moth  which  had  been  used  in  these  experiments 
disclosed  the  presence  of  vast  numbers  of  the  adults  and  young  of  a 
mite,  determined  by  Mr.  Nathan  Banks  as  Pediculoides  ventricosus 
Newp.    The  gravid  females  were  attached  to  the  caterpillars  of  the 
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brown-tail  moth,  or  to  the  larvae  or  pup»  of  the  parasite,  indiscrimi- 
nately, and  in  some  of  the  reproduction  cages  practically  every  host 
and  parasite  had  been  attacked. 

It  was  not  known  where  these  mites  came  from,  but  it  was  pre- 
sumed that  they  were  brought  in  from  the  field  upon  nests  of  the 
brown-tail  moth.  By  the  time  that  they  had  been  discovered  they 
were  in  practi(5ally  everything  in  the  laboratory.  Even  tachinid 
puparia  were  not  immune  to  attack,  and  there  were  niunerous 
instances  in  which  the  wandering  young  had  forced  their  way  through 
tight  cotton  plugs,  which  would  ordinarily  have  prevented  the  pas- 
sage of  bacteria. 

Much  time  and  trouble  was  necessary  before  the  laborator}'  was 
finally  cleared  of  the  pest;  but  it  was  finally  accomplished  by  the 
rigid  separation  of  every  rearing  cage  containing  life  which  had 
been  present  before  the  invasion  became  apparent  from  those  which 
were  begun  afterwards.  The  general  cleaning  up  and  policy  of  seg- 
regation proved  eflFective,  and  by  spring  the  last  of  the  nutes  appeared 
to  have  died ;  nor  has  a  single  specimen  been  observed  since. 

As  parasites  of  the  brown-tail  moth  the  mites  were  singularly  effec- 
tive. If  it  were  possible  to  bring  about  a  general  infestation  of  the 
nests  in  the  early  fall,  it  would  doubtless  result  in  the  destruction  of 
a  very  large  proportion  of  the  hibernating  caterpillars;  but  unfortu- 
nately this  seems  to  be  not  at  al]  practicable.  It  is  not  even  certain 
that  the  parasite  was  actually  brought  into  the  laboratory  in  nests 
of  the  brown-tail  moth,  though  this  would  seem  to  be  the  most  Ukely 
explanation  of  its  presence. 

The  fact  that  its  presence  has  never  once  been  detected  in  any  of 
the  many  thousands  of  similar  nests  which  have  been  brought  in  at 
other  times  indicates  rather  conclusively  that  it  is  not  actually  an 
enemy  of  any  consequence  in  the  field. 

PTEROMALUS    EGREGIUS   FORST. 

It  was  quite  late  in  the  spring  of  1905  before  the  senior  author  was 
able  to  organize  a  corps  of  European  collectors,  and  as  a  consequence 
only  a  very  small  quantity  of  parasite  material  was  imported  during 
the  summer  of  that  year;  but  during  the  fall  and  winter  following, 
well  within  a  year  after  the  work  was  first  authorized  by  the  Massa- 
chusetts Ijcgislature,  importation  was  begun  in  earnest.  More  than 
100,000  hibernating  nests  of  the  brown-tail  moth  were  received  from 
abroad  that  winter,  and  since  scarcely  anything  was  surely  known 
of  the  parasites  which  were  hkely  to  be  reared  from  them,  the  early 
discovery  of  the  hibernating  brood  of  Pteromalus  egregius  (fig.  60, 
p.  263)  was  hailed  with  satisfaction.  The  circumstance  ha^  already 
been  the  subject  of  comment  in  an  earher  section. 
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In  the  spring  of  1906  some  40  large  tube  cages  (PL  X,  fig.  1),  each 
capable  of  accommodating  several  thousand  nests,  were  constructed 
after  the  model  of  a  cage  which  had  been  successfully  used  for  a  some- 
what similar  purpose  in  California.  Hardly  had  the  nests  been  placed 
in  these  newly  constructed  cages  before  the  caterpillars  began  issuing 
in  extraordinary  numbers,  and  with  them  many  thousands  of  adult 
parasites,  representing  a  great  variety  of  species.  Monodontomerus 
dereus  was  about  the  first  to  issue,  and  with  it  was  a  quantity  of 
Ealrobmcon  brevicomis.  A  little  later  Pteromalus  egregiua  (fig.  65) 
appeared  in  an  abundance  which  exceeded  that  of  all  the  other  para- 
sites taken  together,  and  it  was  followed  sliortly  afterwards  by 
swarms  of  its  own  little  parasite,  determined  by  Dr.  Ashmead  as 
ErUedon  albitarsis. 


FlQ.Q5.—PUTomalu9egTeffitu:Adu\t(emale.    Greatly  enlarged.    (Original.) 

Mr.  Titus  at  once  recognized  Entedon  as  hyperparasitic  and  pro- 
ceeded as  assiduously  to  destroy  it  as  he  was  assiduous  in  saving  the 
Pteromalus.  Of  the  myriad  of  other  parasites  issuing,  the  vast 
majority  were  represented  by  so  few  individuals  as  to  render  it  very 
improbable  that  any  among  them  were  enemies  of  the  caterpillars  of 
the  brown-tail  moth.  Nearly  all  of  the  more  conmoion  species,  aside 
from  Pteromalus  and  Entedon,  were  representative  of  genera  or 
groups  of  genera  well  known  to  be  parasitic  upon  Cynipidae,  of  wliich 
large  numbers  issued  from  the  galls  on  oak  leaves  that  had  been  used 
by  the  caterpillars  in  the  construction  of  their  nests.  There  remained 
as  possible  parasites  of  the  caterpillars  of  the  brown-tail  moth  only 
Habrobracon  brevicomisj  Pteromalus  egregiuSj  and  Monodontomerus 
3sreus. 

It  looked  for  a  time  as  though  the  Habrobracon  might  be  para- 
sitic upon  the  hibernating  caterpillars,  and  quite  a  large  number  of 
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them  was  liberated  in  the  spring  of  1906,  but  it  was  later  discovered 
that,  like  Monodontomerus,  they  merely  sought  the  hibernating  nests 
for  the  protection  which  was  thus  afforded  during  the  winter.  One 
colony  of  Monodontomerus  was  also  established  early  in  the  spring 
of  1906,  but  almost  immediately  thereafter  the  action  was  r^retted 
on  account  of  the  doubts  which  Dr.  Ashmead  expressed  concerning 
the  host  relations  of  this  species.  He  was  certain  that  it  was  a  para- 
site of  Diptera,  and  that  it  could  not  be  a  primary  parasite  of  the  gipsy 
moth  or  of  the  brown-tail  moth.  As  events  have  since  abundantly 
proved,  he  was  right  and  wrong  at  one  and  the  same  time. 

The  separation  of  the  parasites  from  the  exceedingly  large  number 
of  caterpillars  which  issued  coincidently,  and  the  subsequent  sepa- 
ration of  Pteromalus  from  the  remaining  species,  was  a  task  of  huge 
proportions,  but  eventually  it  was  accomplished,  and  some  40,000 
Pteromalus  were  liberated  in  several  localities,  as  indicated  on  the 
accompanying  map.  At  the  same  time  an  attempt  was  made  to  deter- 
mine the  habits  of  the  species,  and  reproduction  experiments  were 
conducted,  using  the  active  caterpillars  of  the  brown-tail  moth  as 
hosts. 

The  females  were  frequently  observed  to  take  peculiar  interest  in 
these  active  caterpillars  of  the  brown-tail  moth.  They  would  fre- 
quently alight  upon  their  backs  and  appear  to  oviposit,  and  since 
nothing  was  then  known  or  suspected  of  the  well-nigh  total  depravity 
of  this  species  in  so  far  as  its  habits  of  oviposition  are  concerned,  it  was 
only  natural  to  suppose  that  it  was  really  possible  for  successful  ovi- 
position to  take  place  under  these  circumstances.  Nothing  less  was 
expected  than  that  there  w  ould  prove  to  be  a  second  generation  of 
the  parasite,  developing  within  the  active  caterpillars,  or  perhaps  in 
the  pupsB. 

Attempts  to  discover  some  trace  of  this  generation  were  futile,  but 
failure  could  not  altogether  be  attributed  to  the  fact  that  such  a 
generation  did  not  exist.  As  it  happened,  every  one  of  the  several 
colonies  of  the  parasite  was  situated  within  a  territory  to  the  north- 
ward of  Boston  over  which  the  brown-tail  moth  was  exceedingly 
abundant.  Late  in  the  spring  the  host  of  caterpillars  was  suddenly 
destroyed  by  an  epidemic  of  a  fungous  disease  which  was  so  complete 
and  overwhelming  as  to  leave  very  few  survivors.  Even  now,  four 
years  later,  the  brown-tail  moth  has  not  reached  its  former  abundance 
over  a  considerable  portion  of  the  territory  affected,  notwithstanding 
that  there  has  been  steady  and  fairly  rapid  annual  increase  through- 
out this  period.  It  looked,  in  fact,  as  though  the  parasites  had  suffered 
to  an  even  greater  extent  than  their  hosts  (since  they  were  not  so 
thoroughly  well  established) ,  and  failure  to  recover  Pteromalus  from 
the  field  during  the  summer,  or  even  during  the  winter  following,  was 
thought  to  be  the  result  of  the  epidemic  of  disease. 
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Another  importation  of  the  hibernating  nests  consisting,  like  the 
first,  of  about  100,000  from  various  localities  in  Europe,  was  received 
the  next  winter  and  handled  in  the  same  manner  as  was  the  other,  but 
affairs  at  the  laboratory  did  not  run  as  smoothly  as  they  might  in  the 
spring  of  1907  at  about  the  time  when  the  Pteromalus  were  issuing. 
Mr.  Titus  was  absent  on  account  of  sickness  which  eventually  forced 
him  to  resign  from  his  position  at  the  laboratory,  and  neither  Mr. 
Crawford,  who  first  took  his  place,  nor  the  present  incumbent,  who 
finally  assumed  charge  the  latter  part  of  May,  was  sufficiently  familiar 
with  the  work  to  carry  it  on  to  as  good  advantage  as  Mr.  Titus  would 
have  done  had  he  retained  his  health.  Partly  on  this  account  and 
partly  on  account  of  weather  conditions  which  were  very  unfavorable 
to  the  issuance  of  the  parasites,  only  about  40,000  of  the  Pteromalus 
were  reared  and  liberated.  As  before,  they  were  colonized  in  various- 
localities  within  the  infested  area  as  soon  after  their  emergence  as  was 
practicable,  and  as  before  attempts  to  secure  laboratory  reproduction 
were  made. 

All  of  these  attempts  to  secure  the  reproduction  of  the  parasite 
in  1906  or  in  1907  failed,  since  only  active  caterpillars  of  the  brown- 
tail  moth  or  gipsy  moth  were  used.  All  sorts  of  theories  to  explain 
this  were  formulated,  but  that  which  seemed  the  most  reasonable  at 
the  time,  namely,  that  the  parasite  did  not  actually  reproduce  upon 
active  caterpillars  or  pupae,  but  only  upon  inactive  caterpiUars  after 
the  construction  of  their  nests  in  the  fall,  could  not  be  given  an  actual 
test,  since  inactive  caterpillars  were  not  available.  An  attempt  to 
carry  the  living  Pteromalus  adults  through  the  summer  did  not  suc- 
ceed, and  with  the  death  of  the  individuals  in  confinement,  and  the 
ahnost  immediate  disappearance  of  those  which  were  liberated  in  the 
field,  the  investigations  were  necessarily  brought  to  a  close. 

Meanwhile,  as  will  be  detailed  later  on,  a  variety  of  other  parasites 
was  found  to  be  present  as  minute  larvae  which  hibernated  within  the 
still  living  caterpillars,  and  for  the  purpose  of  securing  these  as  well 
as  an  additional  supply  of  the  Pteromalus,  further  extensive  importa- 
tions of  the  nests  of  brown-tail  moths  were  made  during  the  winter 
of  1907-8.  A  radical  modification  in  the  policy  of  the  laboratory 
was  inaugurated  at  the  same  time,  and  instead  of  discontinuing  its 
activities  during  the  winter -months,  the  experiment  was  made  of 
keeping  it  open  for  the  purpose  of  conducting  a  series  of  winter  inves- 
tigations, and  the  study  of  the  hibernating  caterpillars  of  the  brown- 
tail  moth  and  of  their  parasites  was  selected  as  the  subject  for  the  first 
winter's  work. 

The  first  lot  of  nests  arrived  from  abroad  in  December,  and  instead 
of  awaiting  the  coming  of  spring  they  were  immediately  brought  into 
a  warmed  room  in  the  hope  that  the  parasites  might  thereby  be  forced 
into  activity.     The  experiment  was  successful.    The  first  of  the 
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Pteromalus  began  to  issue  coincidently  with  the  b^inning  of  the  new 
year,  and  they  were  at  once  supplied  with  a  quantity  of  nests  of  the 
brown-tail  moth  collected  in  the  open  and  containing  living  cater- 
pillars. In  most  cases  the  females  almost  instantly  entered  these 
nests  and  oviposited  upon  the  still  dormant  caterpillars  (fig.  66)  with 
the  result  that  in  three  and  four  weeks  large  numbers  of  a  second 
generation  b^an  to  issue.  This  successful  outcome  to  what  was 
considered  to  be,  until  that  time,  an  experiment  of  rather  doubtful 
utility,  was  very  encouraging,  since  it  was  at  once  evident  that  any 
desired  number  of  Pteromalus  might  easily  be  reared  in  captivity. 
Accordingly  the  work  of  rearing  it  on  a  large  scale  was  begun,  with 
the  result  that  by  the  end  of  March  American  nests  which  contained 
the  progeny  of  some  100,000  individuals  were  available  for  coloni- 
zation. 

Meanwhile  large  numbers  of  nests  of  the  brown-tail  moth — several 
thousand,  in  fact — had  been  collected  in  the  neighborhood  of  the 
colonies  which  had  been  planted  in  1906  and  1907  and  no  Pteromalus 
issued  from  them.  It  was  evident  that  the  colonization  experiments 
of  the  spring  of  1907  were  no  more  successful  than  those  of  the  spring 
before,  and  it  was  no  longer  possible  to  consider  the  bad  results  as  due 
to  the  unusual  mortality  of  the  brown-tail  moth  in  the  vicinity  of  the 
colonies.  It  was  necessary  to  seek  some  other  explanation  for  this 
apparent  failure  to  establish  the  one  parasite  which  had  been  imported 
and  colonized  in  wholly  satisfactory  numbers,  and  it  was  thought  that 
this  might  be  found  in  the  circumstances  under  which  the  parasites 
were  reared  and  liberated. 

In  1906  and  1907  the  adults  had  been  liberated  in  the  field  some  two 
or  three  weeks  sooner  than  they  would  normally  have  issued  as  adults 
on  account  of  their  development  having  been  hastened  by  the  storing 
of  the  nests  of  the  brown-tail  moth  at  an  artificially  high  temperature 
during  the  time  that  they  were  in  transit  from  Europe.  This,  it  was 
believed,  might  be  responsible  for  the  fact  that  the  species  had  failed 
to  establish  itself  and  it  was  planned  to  do  things  very  differently  in 
the  spring  of  1908. 

In  accordance  with  these  plans  the  nests  containing  the  brood  (as 
well  as  quantities  of  healthy  caterpillars)  were  placed  in  large  tube 
cages,  which  were  fitted  with  a  "tanglefooted''  shield  within,  intended 
to  prevent  the  emergence  of  the  caterpillars  without  hindering  the 
egress  of  the  winged  parasites,  and  four  colonies,  each  of  which  was 
estimated  to  consist  at  the  very  least  of  50,000  of  the  parasite  larv», 
were  located  in  four  widely  separated  localities  in  eastern  Massachu- 
setts. The  cages  were  simply  taken  into  the  field  and  left,  so  that  the 
parasites  were  free  from  the  moment  of  their  emergence. 

Considerable  trouble  was  experienced  at  first  on  account  of  the 
**tanglefooted"  shields  failing  to  do  all  that  was  expected  of  them 
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in  the  matter  of  preventing  the  escape  of  the  caterpillars,  but  aside 
from  that,  the  experiment  promised  to  be  highly  successful.  Instead 
of  losing  track  of  the  parasites  inmiediately  following  their  Uberation, 
they  were  foimd  to  be  present  in  abimdance  in  and  about  these  cages 
throughout  May  and  June,  and  even  in  July  Mr.  Mosher  (who  con- 
ducted this  work)  observed  a  few  aUve  and  apparently  waiting  until 
the  next  generation  of  hibernating  caterpillars  would  be  open  to  their 
attack. 

Not  all  of  the  Pteromalus  brood  was  liberated  in  this  manner,  but 
a  part  of  the  artificially  infested  nests  was  placed  in  cold  storage  at 
a  constant  temperature  of  approximately  30°  F.  and  kept  during  the 
summer  and  until  the  formation  of  the  brown-tail  moth  nests  in  the 
fall.  Then  a  part  of  them  was  removed  as  a  check  on  the  condition 
of  the  remainder,  and  when  it  was  certain  that  many,  if  not  most  of 
the  Pteromalus  had  survived,  a  considerable  number  of  them  was 
allowed  to  issue  in  the  open  in  a  locality  where  they  would  find  an 
abundance  of  fresh  nests  of  the  brown-tail  moth  ready  at  hand. 
Others  of  the  stored  Pteromalus  were  held  for  the  purposes  of  winter 
reproduction,  in  case  the  further  colonization  of  the  parasite  seemed 
worth  attempting. 

At  first  it  appeared  that  the  colonies  of  1908,  both  spring  and  fall, 
were  successful.  In  the  vicinity  of  each  of  them  (but  particularly  of 
that  which  was  planted  in  the  fall)  the  larvae  of  the  parasite  were 
found  in  the  nests  of  the  brown-tail  moth,  and  for  the  first  time  it 
was  known  to  have  lived  over  siunmer  out  of  doors.  Extensive  rearing 
work  was  organized  in  the  laboratory,  with  the  intention  of  securing 
at  least  1,000,000  for  colonization  in  1909,  and  certain  technical  inves- 
tigations into  the  life  of  the  parasite,  which-  were  begun  in  the  spring 
of  1908,  were  continued. 

The  results  of  these  biological  investigations  soon  became  startling 
in  their  nature.  Gradually,  as  they  were  continued,  and  the  results 
of  one  experiment  after  another  became  apparent,  a  tale  of  insect 
duplicity-was  unfolded  the  Uke  of  which  has  never  been  quite  equaled 
in  any  similar  investigation.  It  is  not  possible  to  give  the  story  in 
anything  like  complete  detail,  but  a  brief  summary  ought  to  be  pre- 
sented, if  for  no  other  purpose  than  to  illustrate  the  degradation  to 
which  a  parasite  may  sink. 

It  was  foimd  that  the  instinct  of  the  female  Pteromalus  was  first 
to  seek  the  immediate  vicinity  of  the  feeding  cater])illars,  or  of  the 
nests  or  molting  webs  which  they  had  deserted,  and  second  to  ovi- 
posit upon  nearly  anything  which  she  encountered,  providing  it 
resembled  in  the  slightest  degree  a  dormant  caterpillar  of  the  brown- 
tail  moth  inclosed  in  its  hibernating  web  (fig.  66).  Attempted 
oviposition  upon  active  caterpillars  was  only  one  of  innimierable 
95677*'— BuU.  91—11 18 
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illustrations  of  the  lengths  to  which  she  would  go 
crude  and  unreasoning  instincts.  She  would  ovipos 
apparent  freedom  upon  a  dead  and  decomposing  ci 
fragment  of  skin  torn  from  such  a  one,  as  upon  a  li 
Quite  an  extensive  series  of  experiments  was  to  ha^ 
determine  the  lengths  to  which  she  would  go,  but  tl 
were  discontinued  after  a  time  because  there  hard 
any  limit  beyond  the  purely  physical.  No  Ptero 
induced  to  oviposit  in  any  tachinid  puparium,  n( 
insect  protected  by  a  hard  shell,  but  almost  any  smj 
soft-bodied  insect,  especially  if  it  were  inclosed  in  a 
or  cocoon,  and  provided  it  was  in  the  near  vicinity 
the  brown- tail  moth  or  of  their  webs,  would  be  atta( 


FiQ.  m.—PteTomalus  egregms:  Female  in  the  act  of  oviposit  ion  through  the  si 
hibernating  caterpillars  of  the  brown-tail  moth.    Greatly  enlarged. 

without  hcjsitation.  Tlie  cocoons  of  small  H\Tner 
Apanteles  and  limnerium,  were  especially  attractiv 
attacked  whether  associated  vaih  the  brow^n-tail  moi 
The  results  of  this  indiscriminate  oviposition  w< 
Eggs  deposited  upon  dead  caterpillars  of  the  browTi 
riably  perished  except  in  one  instance,  in  which  the 
freslily  killed  and  * 'pasteurized."  Upon  this  occas 
portion  of  the  larva>  lived,  and  at  least  one  went  thro 
Upon  active  caterpillars  of  the  brown-tail  moth  and  ev 
caterpillars  removed  from  the  silken  envelopes  w 
surround  themselves  within  their  nests,  oviposition 
cessful  if  the  caterpillar  moved  to  any  extent  afterw 
hibernating  caterpillars,  removed  from  their  nests^ 
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little  as  a  rule,  and  the  least  motion  was  sufficient  to  dislodge 
or  young  larva  of  the  parasite. 

osition  upon  any  other  host  was  equally  unsuccessful,  provided 
le  host  was  free  to  move  about  to  any  extent,  but  whenever 
confined  within  the  limits  of  a  cocoon,  and  was  not  too  large, 
lly  fell  a  victim  to  the  parasite.  Especially  was  this  true  of 
bemating  larvse  of  hymenopterous  parasites  within  their 
J,   and  from   these   the  largast  and  finest  Pteromalus 


were 


e  parasite  or  hymenopterous  larva  was  very  small,  as  in  the 
e  of  the  larva  of  Apanteles,  it  was  very  likely  to  be  killed  by 
romalus  in  the  process  of  oviposition  and,  as  a  common  result, 
geny  would  perish  also. 

ence  to  indicate  that  the  female  parasite  possesses  discrimi- 
powers  which  enable  her  intelligently  to  select  suitable  hosts 
young  is  wholly  lacking,  and  in  consequence,  when  s(*veral 
uals  are  given  access  to  a  single  nest  of  the  brown-tail  moth, 
inces  are  that  all  of  them  will  concentrate  their  attack  upon 
r  caterpillars  which  chance  to  be  most  readily  accessible,  to 
elusion  of  all  others.  The  outcome  is  one  of  the  niaaifolil 
of  superparasitism.  The  larvae  hatching  from  the  superabun 
)f  eggs  are  unable  to  reach  their  full  development.  They  ma^ 
te  their  transformations  but  the  adults  produced  are  small, 
Liid  in  extreme  instances  wholly  unfit  for  further  reproduction. 
Le  work  of  rearing  the  parasite  for  colonization  purposes,  no 
how  many  parent  Pteromalus  were  used,  the  number  of  cater- 
which  were  parasitized  by  them  would  be  a  small  percentage 
e  in  the  nests  exposed  to  their  attack,  and  invariably  when 
lian  a  few  females  were  used  as  parents  the  nests  had  to  be 
)en,  so  as  to  expose  a  large  number  of  caterpillars  equahy. 
ise  the  progeny  would  be  so  small  as  to  be  practically  worth- 
•  further  reproduction,  colonization,  or  anytliing  else.  This 
F  was  sufficient  to  render  Pteromalus  of  very  much  less  value 
n  economic  standpoint,  and  the  extraordinary  avidity  with 
t  attacked  the  cocoons  of  other  hymenopterous  parasites  was 
ig  but  a  point  in  its  favor.  Most  especially  was  this  true 
be  Ufe  and  habits  of  Apantele^  ladeicolor  Vier.  were  taken  into 
ration.  It  soon  became  evident  that  Pteromalus  wa,s  ])ecul- 
bted  to  act  as  its  most  dangerous  enemy,  and  since,  between 
0,  Apan teles  was  much  the  more  promising  parasite,  it  was 
I  to  abandon  all  further  effort  toward  the  introduction  of 
alus,  and  the  work  of  rearing  was  discontinued. 
3  250,000  larvae  and  pupae  were  on  hand  at  the  time  when  this 
1  was  reached,  and  these  were  placed  in  cold  storage.  It  was 
red  probable  that  the  species  was  already  introduced,  if  it 
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were  possible  to  do  so,  as  the  result  of  the  elaborate  coloniz 
work  already  described,  and  that  any  harm  which  might  result 
probably  already  done,  so  it  M^as  determined  to  use  these  larva 
pupae  for  the  purpose  of  giving  the  parasite  one  more  opportuni 
retrieve  a  lost  reputation.  The  brood  lived  tlirough  the  sumir 
cold  storage  without  much  loss,  and  in  the  fall  one  tremendous  c 
of  some  200,000  individuals  was  established  in  the  midst  of  a 
of  small  oak,  well  infested  with  nests  of  the  brown- tail  moth. 
adults  issued  at  a  time  when  there  was  nothing  to  prevent 
entering  these  nests  and  ovipositing  immediately,  and  there 
enough  of  them  to  destroy  all  of  the  caterpillars  of  the  brow 
moth  within  a  considerable  radius.  There  were  many  larvae 
found  in  the  nests  that  winter,  but,  as  was  the  case  in  the  labon 
only  a  few  of  the  more  exposed  caterpillars  were  attacked. 

A  rather  elaborate  series  of  nest  collections  was  made  wdt 
radius  of  a  mile  of  the  center  of  the  colony,  but  the  data  obt 
were  of  little  consequence.  From  only  a  part  of  the  many  1( 
nests  did  any  of  tlie  parasite  issue,  and  its  probable  rate  of  disp< 
was  not  definitely  indicated.  One  lot  of  nests  collected  a  littk 
a  mile  away  produced  a  few  individuals,  and  this  w^as  the 
instance  in  which  it  could  be  shown  to  have  traveled  so  far. 

At  the  same  time  large  collections  were  made  in  the  vicinity 
1908  colonies,  from  which,  it  will  be  remembered,  some  few  par 
had  been  recovered  the  %vinter  before.     In  no  instance  was  it 
recovered,  and  there  was  everything  to  indicate  that  it  had 
to  establish  itself. 

No  attempt  whatever  was  made  to  rear  it  for  colonization  in 
and  until  the  beginning  of  the  winter  of  that  year  it  was  consi 
that  the  story  of  Pteromalus  in  America  was  complete.  It 
unexpected  which  usually  happens  in  the  gipsy-moth  parasite  U 
tory,  however,  and  even  as  the  rough  manuscript  for  tlie  las 
pages  was  being  prepared,  Chapter  II  of  the  history  of  Ptero 
egregius  in  America  was  about  to  begin. 

Every  w^inter  since  that  of  1906-7,  to  and  including  the  pr 
an  increasingly  large  number  of  the  hibernating  nests  of  the  b 
tait  moth  have  been  collected  from  various  localities  throu 
eastern  Massachusetts  and  confined  in  tube  cages  in  the  labon 
In  the  first  two  winters  this  was  done  for  the  express  purp< 
recovering  Pteromalus  and,  as  has  been  already  stated,  wi 
result.  In  the  winter  of  1908-9,  it  was  found  that  Monodontoj 
was  to  be  recovered  in  this  manner  over  a  considerable  territor 
under  conditions  which  were  both  interesting  and  instru 
Accordingly,  beginning  with  that  winter,  the  collections  have 
made  general  throughout  the  territory  in  which  it  was  thought 
that  Monodontomerus  would  occur,  and  with  less  reference  t 
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localities  in  which  Pteromalus  had  been  colonized.  Several  thou- 
sands were  thus  collected  in  1909-10  (as  may  be  seen  by  reference  to 
Table  X)  and  a  much  larger  series  of  collections  was  planned  for  the 
winter  of  1910-11. 

On  the  face  of  the  results  of  this  work  during  the  two  previous 
winters,  nothing  was  much  less  likely  than  that  Pteromalus  should 
be  recovered  from  any  of  these  collections  of  nests.  When  a  few 
specimens  of  a  pteromalid  which  looked  very  much  like  it  did  issue 
eariy  in  December,  they  were  accorded  a  rather  cool  reception,  and 
made  to  identify  themselves  by  reproducing  upon  hibernating  cater- 
pillers  of  the  brown-tail  moth  in  confinement.  Before  such  identi- 
fication was  complete,  it  was  rendered  unnecessary  through  the  issuance 
of  considerable  numbers  of  what  could  no  longer  be  questioned  as  the 
true  Pteromalus  egregius  from  no  less  than  10  lots  of  nests  collected 
in  different  towns  scattered  all  the  way  from  Milford,  Mass.,  down 
near  the  Rhode  Island  line,  to  Dover  and  Portsmouth,  N.  H.,  just 
across  the  Piscataqua  River  from  Maine.  At  the  time  of  writing 
they  are  still  emei^ing  from  the  collected  nests,  and  the  extent  of 
their  dispersion  is  not  yet  known,  but  Mr.  H.  E.  Smith,  who  is  attend- 
ing to  the  rearing  cages,  has  prepared  a  map  (Plate  XXV)  showing 
the  location  of  the  original  colonies  as  well  as  the  towns  from  which 
recovery  has  been  made  the  present  winter. 

Sufficient  data  have  already  been  accumulated  to  make  certain 
the  astounding  fact,  that  as  a  result  of  the  colonization  work  con- 
ducted between  1906  and  1908,  the  parasite  is  now  thoroughly 
established  over  a  territory  which  undoubtedly  includes  portions  of 
four  States,  $,nd  during  the  period  of  its  dispersion  it  spread  itself  out 
so  thin  as  to  make  its  recovery  impossible  except  in  the  immediate 
vicinity  of  the  colony  gites,  and  for  a  short  period  immediately  fol- 
lowing colonization.  Until  this  time  Monodontomerus  has  held  the 
record  for  rapid  dissemination,  but  this  record  is  now  ecHpsed. 

It  is  impossible  to  determine  whether  the  first  of  the  colonies  were 
after  all  successful,  or  whether  they  actually  died,  as  waa  supposed, 
and  success  finally  resulted  from  the  very  much  larger  colonies  in 
1908.  If  the  early  colonies  lived,  it  means  that  no  less  than  four 
years  elapsed  before  any  evidence  to  that  effect  was  forthcoming. 
This  fact,  in  its  relation  to  circumstances  attending  the  colonization 
of  another  parasite,  Apanteles  fuLviyes,  which  seems  not  to  have 
succeeded  in  establishing  itself  any  more  than  Pteromalus  appeared 
to  have  established  itself  as  a  result  of  those  early  colonizations,  will 
sustain  some  hope  for  the  ultimate  recovery  of  this  parasite  until 
1912  or  1913. 

If,  on  the  other  hand,  the  establishment  of  Pteromalus  resulted 
from  the  very  much  larger  and  in  every  way  satisfactory  colonisations 
of  1908,  it  may  mean,  in  its  reference  to  Apanteles  fulvipes^  that  very 
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much  larger  colonies  will  be  necessary  before  we  can  hope  to  see  that 
sj>ecies  established  in  America.  To  colonize  it  under  more  satisfac- 
tory conditions  than  those  which  prevailed  in  1909  would  be  well- 
nigh  impossible  except  at  a  very  heavy  expenditure,  because  the 
favorable  conditions  in  1909  were  primarily  due  to  the  unusual  coinci- 
dental circumstance  of  an  early  season  in  Japan,  and  a  late  season 
in  Massachusetts.  Such  coincidences  can  not  be  depended  upon, 
and  without  them,  a  tenfold  expenditure  over  that  of  1909  would  be 
insufficient  to  secure  equally  favorable  conditions  for  the  establish- 
ment of  the  species,  and  a  proportionately  larger  expenditure  to 
better  them. 

The  story  of  Pteromalus  has  been  given  at  length  because  of  the 
bearing  which  it  has  upon  the  question  of  what  constitutes  a  satis- 
factory colony  of  any  species  of  parasite.  Except  in  a  few  instances, 
of  which  Calosoma  and  Anastatus  are  conspicuous,  we  frankly  do 
not  know  the  answer,  and  it  is  only  through  the  study  of  such  phe- 
nomena as  those  which  have  accompanied  the  recovery  of  Pteromalus 
that  we  are  able  to  judge  the  probable  character  of  the  answer  in  the 
instance  of  those  parasites  which  for  some  obscure  reason  or  another 
have  failed  to  make  good  their  establisliment  in  America. 

APANTELES   LACTEICOLOR   VIER. 

The  story  has  already  been  told  of  how,  during  the  winter  of  1905-6, 
some  100,000  liibemating  nests  of  the  brown-tail  moth  were  imported, 
placed  in  large  tube  cages  in  the  laboratory  at  North  Saugus,  and 
how  some  60,000  Pteromalus  and  countless  thousands  of  cater- 
pillars of  the  brown-tail  moth  issued  into  the  attached  tubes,  and 
were  sorted  with  difficulty.  There  is  not  a  single  published  record 
outside  of  those  emanating  from  the  laboratory,  so  far  as  was  then 
known,  or  is  known  now,  which  suggested  the  possibility  of  this 
particular  sort  of  caterpillar  harboring  other  parasites  than  those 
which  issued  as  adults  from  its  nests.  Mr.  Titus  recognized  that 
this  might^well  be  possible,  however,  and  rather  with  the  purpose 
of  determining  the  fact  than  with  the  expectation  of  securing  such 
parasites  in  any  quantity  for  liberation,  he  caused  some  of  the  cater- 
pillars to  be  fed  in  confinement  and  under  observation.  His  fore- 
sight was  well  rewarded  when,  in  the  course  of  time,  a  number  of 
cocoons  of  an  Apanteles  (fig.  67)  was  found  in  these  cages,  and  the 
fact  that  at  least  one  parasite  hibernates  within  the  living  caterpillars 
was  demonstrated. 

The  following  spring  he  laid  his  plans  for  the  wholesale  rearing  of 
this  parasite  and  whatever  other  parasites  might  chance  to  be  present. 
A  considerable  number  of  wood  and  wire-screen  cages  (PI.  XXVI,  fig.  1 ), 
modifications  of  the  familiar  Riley  t}T)e,  was  procured,  and  as  the 
caterpillars  issued  from  the  cages  containing  the  second  large  importa- 
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tion  of  hibernating  nests  in  the  spring  of  1907  they  were  placed  in 
these  cages  and  fed.  As  a  result  of  his  enforced  absence  from  the 
laboratory  at  a  critical  period  these  cages  lacked  the  proper  atten- 
tion, and  things  went  wrong  with  many  of  them.  A  few,  however, 
were  measurably  successful,  and  eventually  about  1,000  of  the 
Apanteles  were  reared  and  colonized.  Meteorus  was  discovered  to 
have  similar  hibernating  habits,  and  Zygobothria  was  also  reared 
under  circumstances  which  were  suflBcient  to  indicate  its  hibernating 
habits  to  the  satisfaction  of  the  junior  author  of  this  bulletin,  but 
not  to  that  of  the  senior.  The  Apanteles,  in  accordance  with  what 
was  then  the  poUcy  of  the  laboratory  with  regard  to  parasite  coloniza- 
tion, were  Uberated  in  no  less  than  three  widely  separated  locaUties. 
None  of  the  colonies,  so  far  as  known,  was  successful. 

As  anyone  who  was  unfortu- 
nate enough  to  be  associated 
with  the  laboratory  during  the 
spring  and  summer  of  1907  will 
undoubtedly  be  willing  to 
testify,  the  discomfort  caused  by 
handling  quantities  of*  caterpil- 
lars and  cocoons  of  the  brown- 
tail  moth  was  Uterally  dread- 
ful .  The  poisonous  spines  upon 
the  young  caterpillars  are 
neither  so  abundant  nor  so  viru- 
lent as  those  upon  the  older 
caterpillars,  but  they  are  bad 
enough,  and  the  task  of  feeding 
the  inmates  of  the  numerous 
cages  which  contained  some 
thousands  was  a  task  of  no  httle 
magnitude  and  one  involving  much  physical  discomfort.  The  instant 
the  door  of  one  of  these  cages  was  opened,  if  the  day  was  warm  and  its 
occupants  active,  a  variable,  but  usually  a  large  number  would  crawl 
outside,  and  to  attempt  to  brush  them  back  was  but  to  alTord  op- 
portunity for  more  to  escape.  Consequently  thousands  did  escape 
and  had  to  be  brushed  up  and  destroyed  after  each  day's  feeding. 
To  keep  the  cages  clear  of  debris  was  well-nigh  out  of  the  question, 
and  every  time  that  some  attempt  was  made  to  clean  them  out  more 
thousands  of  caterpillars  escaped  and  had  to  be  destroyed. 

When  the  Apanteles  and  the  Meteorus  cocoons  were  discovered  to 
be  present  in  variable  abundance  in  several  of  the  cages  trouble  began 
in  earnest,  because  they  were  for  the  most  part  firmly  attached  to 
the  sides,  or  cunningly  concealed  in  the  midst  of  an  accumulation  of 
unconsumed  food,  so  that  much  time  was  required  to  find  and  remove 


Fia.  (SI.— Apanteles  lacteicolor:  Adult  female  and  co- 
coon.   Much  enlarged.    (Original.) 
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them.  During  this  operation  the  caterpillars,  stirred  inl 
activity,  were  crawling  over  everything  in  the  immediate  vi 
more  particularly  over  the  outside  of  the  cage  and  the  pei 
operator. 

If  a  sufficient  number  of  these  caterpillar  parasites  were  t< 
to  make  possible  satisfactory  colonies  another  year,  it  was 
exceedingly  desirable  to  devise  some  other  means  of  f 
caterpillars  than  that  afforded  by  the  closed  cage,  and  eu 
in  the  winter  of  1907-8,  when  the  first  active  caterpillai 
emerge  from  the  nests  which  had  been  kept  in  the  warm 
the  laboratory  for  the  purpose  of  securing  Pteromalus,  c 
experiments  were  made  in  the  hope  of  discovering  son 
whereby  the  disadvantages  above  recounted  might,  at  lea 
be  obviated.  The  feeding  tray  illustrated  herewith  was  tl 
these  experiments,  and  as  soon  as  it  was  found  to  be  p 
enough  to  accommodate  several  thousand  caterpillars 
structed,  and  one  wing  of  the  laboratory  '*  annex,''  iUi) 
Plate  XXVI,  figure  2,  and  Plate  XXVII,  was  fitted  for  th 
modation. 

In  all  respects  these  trays  were  a  success.  There  was  0( 
some  trouble  caused  by  th^  caterpillars  finding  or  cons 
'*  bridge,"  by  which  they  passed  from  the  interior  of  the  tr 
to  the  frame  above  the  concealed  band  of  ''tanglefoot," 
sufficient  care  was  used  in  feeding  and  in  searching  for  brie 
they  were  completed  this  was  almost  completely  done  awa 

It  was  manifestly  impossible  to  feed  more  than  a  very 
of  the  caterpillars  from  the  many  thousands  of  nests  whicl 
imported  during  this  winter,  and  accordingly  the  caterpill 
few  nests  in  each  lot  were  fed  in  small  trays  in  the  laborat 
the  late  winter  and  early  spring,  and  the  extent  to  which 
parasitized  by  Apanteles  was  thus  determined.  The  m* 
parasitized  nests  were  saved,  and  the  larger  part  of  those 
parasitized  were  destroyed  forthwith,  since  it  was  no  lonj 
to  save  the  Pteromalus  which  might  be  reared  from  them. 

A  good  many  Apanteles  were  reared  in  the  course  of  this 
since  they  issued  long  before  the  resumption  of  insect  act 
of  doors  they  were  used  in  a  series  of  reproduction  experin 
active  caterpillars  of  the  brown-tail  moth  feeding  upon  lettu< 
It  was  found  to  be  easy  to  secure  reproduction  when  c 
which  had  not  molted  since  leaving  the  nest  were  used  as 
if  they  had  molted  once  successful  reproduction  was  sec 
great  difficulty  or  not  at  all.  The  adult  Apanteles  were  vei 
being  as  strong  and  hardy  as  the  adult  Pteromalus  and  co 
kept  alive  to  deposit  more  than  a  small  part  of  their  eg{ 
were  other  reasons,  too,  why  reproduction  upon  caterpillars 
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Plate  XXVI. 


Fig.  1. -Riley  Rearing  Cages  as  Used  at  Gipsy- 
Moth  Parasite  Laboratory.    (Original.) 


Fig.  2.— Interior  of  One  of  the  Laboratory  Structures,  Showing  Trays  Used  in 
Rearing  Apanteles  lacteicolor  in  the  Spring  of  1909.    (Original.) 
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Plate  XXVM. 


View  of  the  Laboratory  Interior,  Showing  Cages  in  Use  for  Rearing  Parasites 
FROM  Hibernating  Webs  of  the  Brown-Tail  Moth  in  the  Spring  of  1908. 
(Original.) 
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ment  could  not  be  looked  upon  as  a  feasible  method  for  obtaining  the 
parasites  for  liberation,  and  all  ideas  of  laboratory  reproduction  work 
on  a  large  scale  were  regretfully  abandoned  before  the  spring  was  far 
advanced. 

A  program  for  the  colonization  of  Apanteles  during  the  year  1908 
was  definitely  formulated  as  the  direct  result  of  this  experimentation, 
by  which  it  was  hoped  to  afford  the  parasite  the  best  possible  oppor- 
tunity for  speedy  establishment.  In  accordance  with  this  plan  the 
nests  which  had  been  found  to  contain  the  more  highly  parasitized 
caterpillars  were  divided  into  three  lots.  The  larger  of  these  was 
placed  in  the  same  form  of  tube  cage  which  was  used  for  the 
Pteromalus-rearing  work  in  1906  and  1907;  the  next  larger  was 
placed  in  cold  storage,  and  the  nests  remaining  were  brought  into  the 
laboratory  toward  the  end  of  March  and  the  caterpillars  forced  into 
premature  activity.  There  was  not  very  much  room  available  for 
this  indoors,  so  that  the  number  of  nests  thus  treated  was  decidedly 
limited,  but  from  the  caterpillars  issuing  from  them  no  less  than 
2,000  Apanteles  cocoons  were  secured  during  the  latter  part  of  April, 
and  the  adult  Apanteles,  to  the  number  of  about  1 ,300,  which  issued 
from  them  were  liberated  in  the  one  colony  in  the  field  just  as  the 
caterpillars  of  the  brown-tail  moth  were  issuing  from  their  nests  and 
beginning  to  feed  out  of  doors. 

It  was  known  that  under  natural  conditions  the  parasite  never 
issued  as  an  adult  at  this  season  of  the  year,  but  it  was  reasonably  cer- 
tain that  it  would  immediately  reproduce  upon  the  small  caterpiUars 
which  in  a  week  or  two  more  would  be  so  large  as  to  make  reproduc- 
tion impossible.  It  was  hoped  in  this  manner  to  give  the  individuals 
liberated  in  this  colony  a  certain  advantage  over  those  liberated  later 
by  allowing  them  superior  opportunities  for  immediate  reproduction 
and  incidentally  an  opportunity  for  one  more  generation  during  the 
year  than  would  be  possible  in  colonies  established  at  a  later  date. 

To  a  certain  extent  these  expectations  were  realized.  It  was  posi- 
tively ascertained  that  the  parasite  did  take  advantage  of  the  oppor- 
tunity offered  and  that  it  did  actually  pass  one  generation  upon  the 
newly  active  caterpillars  of  its  chosen  host.  The  experiment  is  not 
known  to  be  a  practical  success,  however,  because  all  subsequent 
attempts  to  recover  Apanteles  from  nests  of  the  brown-tail  moth 
collected  in  the  vicinity  of  this  colony  have  failed. 

As  soon  as  the  caterpillars  in  the  nests  which  had  been  placed  in 
the  large  cages  became  active  they  were  transferred  to  the  larger 
trays  which  had  been  provided  especially  for  them  (PL  XXVI,  fig.  2), 
and  fed  first  with  lettuce  and  later  with  fresh  foliage  collected  in  the 
field.  They  did  remarkably  well  at  first,  and  about  May  20  the 
cocoons  of  Apanteles  began  to  appear  in  the  trays  in  large  numbers. 
The  collection  of  these  cocoons  and  their  removal  to  small  cages  for 
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the  rearing  of  the  Apanteles  was  simplicity  itself,  compared  with  the 
similar  process  the  year  before.  A  large  sheet  of  paper,  thickly  per- 
forated with  small  holes,*  or  what  was  equally  suitable,  a  strip  of 
ordinary  mosquito  netting,  would  be  spread  over  the  pile  of  debris 
in  each  tray  and  fresh  food  placed  on  it.  In  the  course  of  24  hours 
the  great  majority  of  the  caterpillars  would  have  crawled  upon  this 
paper  or  netting,  and  could  be  removed  instantly,  and  with  scarcely 
any  disturbance,  to  a  fresh  tray.  The  sorting  over  of  the  contents 
of  the  tray  in  which  they  had  been  feeding,  for  the  cocoons  of  their 
parasites,  could  then  be  conducted  without  the  annoyance  of  their 
presence,  and  with  a  minimum  of  discomfort.  This  is,  of  course,  the 
same  method  used  in  feeding  the  silkworm  of  commerce. 

In  all  some  15,000  cocoons  were  secured  in  this  manner,  but  only 
about  10,000  of  the  adults  were  reared  and  liberated.  Some  100  of 
the  cocoons  produced  the  secondary  parasite  Me^ochorus  paUipeSj 
and  a  considerably  larger  number  a  small  pteromalid,  which  was 
vaguely  familiar  in  appearance,  but  which  was  not  at  that  time  recog- 
nized as  identical  with  Pteromalus  egregiuSy  concerning  which  so  much 
has  already  been  written. 

The  Apanteles  were  carefully  separated  from  their  enemies  and 
three  colonies  were  established  in  the  field.  Two  of  these  were 
rather  small,  but  one  of  them  was  made  very  large,  and  to  comprise 
more  than  two-thirds  of  the  total  number  reared.  It  was  no  longer 
a  question  that  the  small  colony  was  sometimes  a  mistake,  and  that 
it  was  invariably  safer  to  liberate  large  colonics  and  to  establish  the 
species  first  of  all,  and  to  bring  about  dispersion  later,  if  artificial 
dispersion  should  appear  to  be  necessary. 

It  is  interesting  to  note,  in  this  connection,  that  neither  in  1909 
nor  1910  was  it  possible  to  find  any  trace  of  the  Apanteles  in  the 
neighborhood  of  either  of  the  two  smaller  colonies  mentioned  above, 
while  from  the  larger  it  was  recovered  in  1909,  and  by  1910  had  spread 
to  a  distance  of  several  miles  at  least. 

The  third  lot  of  nests,  which  was  placed  in  cold  storage  before  the 
caterpillars  became  active  in  the  spring,  was  left  there  until  early  in 
July,  when  it  was  removed.  A  part  of  the  caterpillars  immediately 
became  active,  but  it  was  at  once  evident  that  many  of  them  had 
died  as  a  result  of  the  unnatural  conditions.  The  weather  was 
exceedingly  hot  immediately  following  and  suitable  food  for  the  young 
caterpillars  could  not  be  obtained.  In  consequence,  a  great  many  of 
them  died  from  one  cause  or  another,  or  from  a  combination  of  sev- 
eral; the  larger  part  of  the  caterpillars  died  soon  after  having  become 
active,  and  it  seemed  as  though  those  containing  the  Apanteles 
suffered  much  greater  proportionate  mortality  than  the  others;  in 
any  event,  only  about  250  of  the  cocoons  were  secured,  when  it  was 

»  This  paper  was  originally  Iranortod  from  Franco  for  use  in  a  similar  manner  In  roaring  silkworms. 
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hoped  to  secure  10  times  that  number  at  the  very  least.  The  few 
that  were  reared  were  placed  in  the  field  in  accordance  with  the  pro- 
gram mapped  out  the  winter  before,  just  about  the  time  when  the 
new  generation  of  brown-tail  caterpillars  was  beginning  to  construct 
winter  nests,  and  when  there  was  no  possible  excuse  for  failure  on  the 
part  of  the  Apanteles  to  reproduce  to  the  full  extent  of  its  powers. 
In  so  far  as  the  puny  colony  thus  planted  could  possibly  be  expected 
to  succeed,  this, one  was  a  success.  Quite  a  number  of  cocoons  was 
found  the  next  spring  in  the  molting  webs  of  the  caterpillars  from 
the  near-by  nests,  and  it  was  evident  that  if  the  Apanteles  had  been 
reared  as  successfully  at  this  season  of  the  year  as  it  had  been  hoped 
would  be  the  case,  no  better  plan  for  the  rearing  and  colonization  of 
the  species  could  be  devised. 

There  was  no  possibility  of  judging  the  success  or  failure  of  the 
Apanteles  colonies  of  1908  until  the  following  spring  at  the  earliest, 
and  whether  they  succeeded  or  failed  it  was  obviously  desirable  to 
continue  the  work  at  least  one  year  more.  Accordingly,  more  nests 
were  imported  in  the  winter  of  1908-9,  and  from  among  them  those 
which  were  the  most  highly  parasitized  were  selected  for  rearing 
the  Apanteles.  No  attempts  to  establish  colonies  out  of  season  were 
made  this  time. 

Partly  as  a  result  of  experience  gained  the  year  before,  partly 
because  more  caterpillars  were  fed,  and  partly  because  several  among 
the  lots  of  nests  received  this  year  were  very  heavily  parasitized,  the 
number  of  Apanteles  reared  and  colonized  was  about  23,000,  or  twice 
the  number  of  the  year  before.  They  were  distributed  in  three  colo- 
nies, one  of  which  was  near  the  site  of  the  only  successful  late  spring 
planting  of  1908.  There  was  no  apparent  necessity  for  this,  but  the 
accuracy  of  the  theory  of  the  large  colony  and  establishment  at  any 
cost  was  becoming  more  and  more  evident,  and  it  was  resolved  to  let 
no  opportunity  slip  by  which  a  possible  advantage  might  be  lost. 
The  two  remaining  outlying  colonies  were  each  as  large  as  the  suc- 
cessful colony  of  1908,  and  Apanteles  was  recovered  in  the  spring  of 
1910  in  the  vicinity  of  both. 

By  the  spring  of  1909  the  pteromalid,  which  had  commonly  been 
reared  from  the  Apanteles  cocoons,  was  identified  beyond  question  as 
Pteromalus  egregius.  It  was  found  that  the  females  persistently 
haunted  the  trays  in  which  the  caterpillars  were  feeding,  and  that 
they  were  very  free  in  ovipositing  in  the  cocoons  of  Apanteles  when- 
ever they  encountered  them.  It  was  discovered,  furthermore,  that 
if  the  weather  was  hot  and  humidity  low,  the  Apanteles  larva  or  pupa 
in  the  cocoon  attacked  would  die  and  dry  up  before  the  Pteromalus 
was  full-fed,  so  that  nothing  would  emerge.  A  few  of  the  unhatched 
cocoons,  of  which  there  were  more  than  25  per  cent  in  the  summer  of 
1908,  were  saved  and  examined  after  these  facts  were  known,  and  in 


Digitized  by 


Google 


284  PAKASITES  OP  GIPSY  AND  BROWN-TAIL  MOTHS. 

several  of  them  what  were  ahnost  certainly  the  eggs  and  very  young 
larv8B  of  Pteromalus  were  found.  It  thus  became  evident  that  at 
least  a  portion  of  this  unfortunate  mortality  was  due  to  hyper- 
parasitism  by  Pteromalus,  a  considerable  number  of  which  had  been 
free  in  the  compartment  where  the  caterpillars  of  the  brown-tail  moth 
had  been  feeding.  In  1909  pains  were  taken  to  prevent  a  recurrence 
of  these  circumstances,  and  as  a  result  only  a  very  few  of  the  cocoons 
were  lost  through  attack  by  Pteromalus.  That  Pteromalus  was  to  be 
considered  as  an  aggressive  enemy  of  Apanteles  could  no  longer  be 
doubted,  and  when  it  was  remembered  that  the  adults  naturally 
emerged  from  the  nests  of  the  brown- tail  moth  in  the  open  at  almost 
the  precise  time  (PI.  XXVIII,  fig.  1)  when  the  Apanteles  larvae  were 
emerging  and  spinning  their  cocoons,  more  often  than  otherwise  in 
the  outer  interstices  of  these  same  nests,  and  that,  furthermore,  the 
Pteromalus  was  prone  to  linger  in  the  vicinity  of  these  nests  in  prefer- 
ence to  any  other  place,  its  true  duplicity  was  at  last  realized. 

A  much  smaller  number  of  over-wintering  nests  of  the  brown-tail 
moth  was  imported  during  the  winter  of  1909-10  than  during  any 
other  since  the  beginning  of  the  work,  more  for  the  purpose  of  securing 
Zygobothria,  if  possible,  than  for  the  rearing  of  additional  Apanteles. 
The  large  trays  were  used  as  before  (PI.  XXVI,  fig.  2)  for  the  rearing 
of  a  number  of  the  caterpillars  in  the  spring,  and  10,000  or  more 
Apanteles  were  reared  and  liberated  in  one  colony  at  some  distance 
from  any  of  the  others. 

Until  late  in  the  summer  of  1910  considerable  doubt  was  felt  as 
to  the  ability  of  this  Apanteles  to  pass  through  the  summer  months 
successfully  in  large  numbers.  That  it  was  able  to  live  from  June  to 
August  or  September  at  all  was  rather  more  than  was  expected  when 
it  was  first  liberated.  When,  in  1908  and  1909,  it  proved  its  ability 
to  do  that  much  it  remained  to  be  determined  whether  it  was  going  to 
be  dependent  upon  an  alternate  host  during  that  period  or  not,  and 
if  dependent  whether  a  sufficient  abundance  of  such  hosts  would  be 
found  in  America  to  support  as  many  of  the  parasites  as  would  needs 
be  carried  through  the  summer,  if  it  were  to  become  an  aggressive 
enemy  of  the  brown-tail  moth  when  this  insect  is  in  abundance. 

It  was  with  much  satisfaction,  therefore,  that  Apanteles  lacteicolor 
Vier.  was  recovered  as  a  parasite  of  Datana  and  Hyphantria  late  in  the 
summ3r  of  1910.  Both  hosts  are  common  at  that  season  of  the  year 
in  Massachusetts,  and  both  are  parasitized  to  a  considerable  extent 
by  tachinids.  It  is  certain  that  the  Apanteles  wiU  develop  at  the 
expense  of  these  parasites  as  well  as  that  of  their  hosts,  and  the  chances 
are  good  that  it  will  replace  them  to  a  certain  extent,  without  bringing 
about  a  serious  reduction  in  the  prevailino^  abundance  of  these  hosts; 
in  short,  that  it  will  find  a  permanent  place  for  itself  in  the  American 
fauna. 
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Plate  XXVIII. 


Fig.  1.— Cocoons  of  Apanteles  lacteicolor  in  Molting  Web  of  the  Brown-Tail 

Moth.    (Original.) 


Fig.  2.— View  of  Laboratory  Yard,  Showing  Various  Temporary  Structures, 
Rearing  Cages,  etc.  a,  A,  Out-of-Door  Insectary  Used  for  Rearing 
Predaceous  Beetles.    (Original.) 
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The  diversity  in  the  host  relations  of  the  parasite  thus  indicated  is 
also  encouraging.  If  it  is  capable  of  attacking  arctiid  as  well  as 
notodontid  caterpillars  with  as  much  apparent  freedom  as  it  does 
liparids;  there  ought  always  to  be  plenty  of  available  hosts  to  carry 
the  species  over  the  two  or  three  months  which  must  elapse  after  its 
emergence  from  the  hibernating  brown-tail  moth  before  it  can  attack 
the  young  caterpillars  of  the  same  species  for  a  second  generation. 
It  was  hoped  for  a  time  that  it  would  succeed  in  passing  one  generation 
upon  the  gipsy  moth,  but  although  it  has  been  forced  to  oviposit  in 
gipsy-moth  caterpillars,  and  its  larvae  have  upon  a  single  occasion 
attained  their  full  development  upon  this  host,  there  is  no  indication 
that  it  ever  attacks  it  voluntarily  in  the  field. 

It  is  interesting  and  perhaps  significant  that  in  its  relations  with 
Datana  it  affects  the  host  caterpillars  exactly  as  in  its  relations  with 
the  brown-tail  moth.  The  caterpillars  died  before  the  emergence  of 
the  parasite  larv»,  and  were  left  as  nothing  more  than  mere  skins  con- 
taining a  small  quantity  of  a  clear  Uquid.  In  this  respect,  Apantdes 
lacteicclor  Vier.  differs  materially  from  A,  solitaritis,  or  from  many 
other  among  its  congeners,  which  leave  the  host  in  a  living  condition 
but  so  seriously  affected  as  to  be  unable  to  feed  again. 

Just  as  the  proof  of  this  bulletin  is  being  read  (June  12, 191 1)  word 
is  received  from  the  laboratory  at  Melrose  Highlands  that  4,000 
cocoons  of  this  parasite  have  been  secured  from  brown- tail  moth  webs 
taken  in  the  field  in  Maiden  and  other  towns. 

AFANTELES   CONSPERSJS   FISKE. 

In  the  summer  of  1910  saveral  boxes  of  the  cocoons  of  an  Apanteles 
parasitic  upon  the  Japanese  brown-tail  moth,  Euproctis  conspersx 
Butl.,  were  received  at  the  laboratory  through  the  kindness  of  Prof. 
S.  I.  Kuwana.  All  of  them  had  hatched  at  the  time  of  receipt,  and 
the  circumstance  would  hardly  be  worthy  of  mention  were  it  not  for 
the  fact  that  the  adults  which  were  dead  in  the  boxes  proved  upon 
examination  by  Mr.  Viereck  to  be  identical  in  all  structural  character- 
istics with  Apanteles  Idcteicolor  Vier.  It  would  appear  that  here  was 
stiD  another  example  of  that  phenomenon  which  has  several  times 
been  mentioned  without  having  been  particularly  designated,  but 
which  is,  in  effect,  the  existence  of  what  has  been  termed  '*  physio- 
logical" or  '* biological"  species. 

It  is  not  so  difficult  to  conceive  as  to  find  proof  of  the  existence  of 
two  species  which  are  so  nearly  alike  structurally  as  to  be  indistin- 
guishable by  any  taxonomic  characters  commonly  recognized,  but 
which  are,  at  the  same  time,  different.  This  difference  may  be 
exemplified  by  the  sex  of  tlie  parthenogenetically  produced  offspring, 
as  in  the  instance  of  the  European  and  American  races  of  Tricho- 
gramma  pretiosa.     It  may  he  in  the  instincts  of  the  female,  wliich  lead 
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her  to  select  certain  hosts  in  preference  to  certain  others,  as  in  the 
instance  of  the  American  and  European  races  of  Parexorista  chdonise. 
Again,  it  may  be  in  the  ability  of  the  young  larvae  to  complete  their 
development  upon  a  certain  host,  as  in  the  case  of  Tachina  mella  and 
Tachina  larvarum.  Or  again,  it  may  be  that  the  difference  Ues  as  be- 
tween AparUdes  lacteicolor  Vier.  and  A.  coTispersse  Fiske  in  the  methods 
of  attacking  the  host. 

As  has  already  been  recounted,  no  less  than  45,000  adults  of 
Apantdes  lacteicolor  Vier.  have  been  reared  at  the  laboratory  and  Ub- 
erated  in  the  field.  In  addition  a  very  large  number  has  been  reared 
under  close  observation  during  the  winter  or  spring,  and  there  has 
been  a  large  number  of  more  or  less  successful  reproduction  experi- 
ments conducte<i,  in  most  instances  with  great  care.  In  all  thLs  time 
there  has  not  been  a  single  exception  to  the  rule,  that  the  larva  of 
AparUdes  lacteicolor  Vier.  is  solitary,  and  kills  its  host  before  issuing 
from  its  body.  Nothing  whatever,  either  in  the  field,  or  in  the  many 
experiments  in  reproduction,  or  in  the  occurrence  of  the  parasite  in 
shipments  of  larger  caterpillars  from  Europe,  has  indicated  in  any 
way  that  it  may  ever  attack  the  large  caterpillars  successfully,  or 
that  it  is  ever  anything  else  than  soUtary. 

Had  Apantdes  conspersse  Fiske  been  received  as  a  parasite  of  the 
Japanese  brown-tail  moth  without  other  data  than  the  mere  rearing 
record  it  would  undoubtedly  have  been  considered  as  identical  with 
Apantdes  lacteicolor  Vier.,  but  it  is  impossible  so  to  consider  it  in  view 
of  the  fact  that  it  is  not  solitary  but  gregarious;  that  it  attacks,  not 
the  small  but  the  large  caterpillars,  and,  if  appearances  of  the  material 
from  Mr.  Kuwana  were  not  deceiving,  that  the  host  is  left  alive  instead 
of  being  killed  before  the  emergence  of  the  parasite  larva.  These 
differences  are,  or  ought  to  be,  sufficient  to  make  of  it  another  species. 

It  is  not  at  all  improbable  that  if  it  were  given  the  opportunity  it 
would  attack  the  caterpillars  of  the  European  brown-tail  moth,  and  it  is 
hoped  that  enough  can  be  collected  in  Japan  and  forwarded  to  Amer- 
ica to  make  the  experiment  possible. 

METEORUS   VERSICOLOR    WESM. 

A  very  few  specimens  of  this  parasite  were  imported  in  1906  with 
caterpillars  of  the  brown-tail  moth  and  the  gipsy  moth  from  several 
European  locaUties.  In  1907,  as  already  stated  in  the  account  of 
Apantdes  lacteicolor  Vier.,  a  few  specimens  of  Meteorus  (fig.  68)  were 
reared  from  caterpillars  imported  in  hibernating  nests  the  winter  be- 
fore. There  were  very  few,  less  than  100  all  told,  and  not  enough  to 
colonize  with  any  Ukelihood  of  success.  It  was  therefore  decided  to 
use  them  in  a  series  of  reproduction  experiments,  on  the  chance  that 
a  much  larger  number  might  be  reared  for  colonization. 
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here  were  plenty  of  caterpillars  of  the  brown-tail  moth  available 

the  smallest  that  could  be  found  were  confined  in  a  cage  with  the 
;  of  the  parasites  that  were  reared.     Oviposition  was  not  observed, 

the  parent  adults  did  not  live  very  long,  but  the  caterpillars  did 
Y  well  for  about  10  days,  after  which  the  cocoons  of  Meteorus 
an  to  be  found  in  the  cages  in  most  gratifying  numbers.  It 
ned  as  though  success  was  assured,  and  other  similar  experiments 
e  immediately  begun  in  the  hope  that  some  method  would  be 
id  for  prolonging  the  life  of  the  adult  parasites  in  confinement 

securing  more  abundant  reproduction. 

he  days  of  rejoicing  over  this,  the  first  successful  reproduction 
eriment  with  any  of  the  parasites  imported  in  1907,  were  very  few. 
about  a  week  the  adults  began  to  issue  from  the  cocoons,  and 

proved  to  be  males.  It 
[ed  like  a  curious  coinci- 
ce  at  first,  but  when  one 
ir  another  of  the  various  lots 
jocoons  hatched  and  out  of 

total  of  156  every  single 
vidual  was  of  the  one  sex, 
^as  evident  that  something 
ous  was  the  matter.     Where 

trouble  lay  was  not  ascer- 
led  at  that  time,  nor  has  it 
n  determined  as  the  result 
)ther  experiments  similarly 
ducted  in  later  years.     In 

244  adult  Meteorus  have 
tt  reared  in  confinement,  and 
)ng  them  there  have  been 
-  5  females,  not  one  of  which 

secured  until  the  late  sum- 
•  of  1908.  Breeding  Meteorus  on  a  large  scale  for  colonization 
poses  under  circumstances  like  these  can  not  be  considered  as  an 
aomically  profitable  venture. 

'he  numbers  of  Meteorus  reared  from  the  caterpillars  imported  in 
hibernating  nests  were  increased  by  the  addition  of  some  few  more 
ired  from  importations  of  full-fed  and  pupating  caterpillars  later 
he  season,  and  a  small  colony  was  planted  in  1907,  but  it  was  so 
til  as  to  make  its  success  more  than  doubtful,  and  it  was  deter- 
ged to  rear  enough  for  at  least  one  good  colony  in  the  spring  of 

.  description  has  already  been  given  of  the  methods  which  were 
'ected  during  the  winter  of  1907-8  for  the  rearing  of  Apanteles 
ncolor  Vier.  in  large  numbers  from  the  caterpillars  of  the  brown- 


TiQ.as.—  Metcorut  versicolor:   Adult  female  and  co- 
coons.   Much  enlarged.    (Original.) 
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tail  moth  imported  in  hibernating  nests,  and  these  methods  applied 
equally  well  to  Meteorus.  It  was  not  nearly  so  common  as  the  Apan- 
teles,  and  only  about  1,000  adults  were  seciured  for  colonization. 
These  were  all  liberated  in  one  colony  at  a  convenient  place  from 
the  laboratory,  and  in  order  that  they  might  have  an  opportunity 
for  immediate  reproduction  a  very  large  number  of  retarded  cater- 
pillars of  the  brown-tail  moth  from  nests  which  had  been  placed  in 
cold  storage  during  the  winter  were  Uberated  upon  trees  in  the 
immediate  vicinity. 

These  caterpillars  seemed  to  be  not  at  all  injured  as  a  result  of  their 
abnormal  experience,  but  immediately  began  to  feed  voraciously  and 
to  grow  apace.  That  they  were  injured  soon  became  evident,  but  it 
could  not  be  determined  whether  such  injury  was  due  to  the  enforced 
lengthening  of  their  period  of  hibernation,  to  the  hot  weather  which 
then  prevailed,  or,  possibly,  to  the  fact  that  the  foliage  was  much 
more  advanced  than  that  upon  which  caterpillars  newly  emerged  from 
hibernation  usually  fed.  They  began  to  die  at  an  alarming  rate 
inside  of  two  weeks,  and  when  it  was  time  to  make  a  collection  for  the 
purpose  of  determining  whether  the  Meteorus  had  found  them  or  not 
hardly  more  than  300  could  be  found  out  of  the  thousands  which  had 
been  liberated.  These  were  removed  to  a  tray  in  the  laboratory,  and 
from  June  23  to  July  15  no  less  than  76  Meteorus  cocoons  were 
removed.  From  these  43  adults,  of  which  16  were  females,  were 
reared. 

These  were  the  first  females  of  the  second  generation  which  had 
been  secured  at  the  laboratory,  and  a  part  of  them  was  used  in  a 
reproduction  experiment  similar  to  those  which  had  resulted  in  the 
production  of  males  the  previous  year.  Curiously  enough,  the  adults 
of  the  third  generation  reared  from  these  parents,  xmder  circumstances 
identical  with  those  which  had  been  used  in  earlier  reproduction 
experiments,  consisted  of  both  sexes,  there  being  5  females  out  of  a 
total  of  40.  These  were  the  first  females  of  the  species  ever  reared 
from  adults  in  confinement. 

In  the  spring  of  1909  the  caterpillars  from  a  few  nests  which  had 
been  collected  the  winter  before  in  the  vicinity  of  this  first  satisfactory 
field  colony  were  fed  in  the  laboratory,  and  from  them  a  few  cocoons 
of  Meteorus  were  secured.  It  was  certain  that  the  species  had  com- 
pleted the  cycle  of  the  seasons  in  the  open,  but  it  was  also  rather 
evident  that  it  was  not  very  common.  If  this  were  due  to  widespread 
dispersion,  as  might  easily  be  the  case,  it  might  possibly  result  in  the 
species  spreading  out  so  thin  as  to  be  lost,  and  it  was  resolved  to  place 
the  Meteorus  reared  in  1909  in  the  same  general  vicinity,  on  the  theory 
that  by  spreading  over  the  same  territory  the  colony  might  be  mate- 
rially strengthened  throughout.  This  was  done,  and  about  2,000 
individuals  were  liberated  during  that  spring  and  summer,  the  most 
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of  which  came  from  hibernating  caterpillars,  but  a  part  of  which  was 
imported  as  parasites  of  the  full-fed  and  pupating  caterpillars.  The 
experiment  of  colonizing  large  numbers  of  retarded  caterpillars  in  the 
vicinity  was  repeated,  and  with  similar  results  to  those  seciu^d  in  the 
previous  season. 

In  1910  a  larger  number  of  the  cocoons  was  found,  but  at  the 
same  time  a  very  few  were  secured  from  the  caterpillars  which  had 
been  collected  in  the  vicinity  of  the  colony.  It  did  not  look  as  though 
much  was  to  be  expected  from  the  parasite  at  first,  but  when,  toward 
the  end  of  June,  collections  of  full-fed  caterpillars  were  made  from 
various  localities  for  the  purpose  of  determining  the  status  of  the 
tachinid  parasites,  the  results  were  much  more  encouraging.  Cocoons 
of  the  second  generation  of  Meteorus  were  soon  f oimd  in  some  num- 
bers and  to  a  distance  of  a  mile  or  more  from  the  original  colony 
center.  Within  a  rather  limited  area  near  the  colony  center  they 
could  almost  be  said  to  be  abimdant,  so  abundant  that  50  were  col- 
lected in  the  course  of  about  two  hours'  work.  They  are  far  from 
being  conspicuous  objects,  being  wholly  disassociated  from  the  cater- 
pillar which  served  as  host,  and  on  this  account  the  number  collected 
was  considered  to  indicate  a  very  satisfactory  abundance. 

Its  rate  of  dispersion,  so  far  as  indicated  by  the  results  of  the 
siumner  work  upon  the  caterpillars  of  the  brown-tail  moth,  was  too 
slow  to  be  satisfactory,  but  in  the  early  fall  a  single  specimen,  defi- 
nitely determined  by  Mr.  Viereck  as  of  this  species,  was  secured  from 
a  lot  of  caterpillars  of  the  white-marked  tussock  moth  collected  in 
the  city  of  Lyim,  some  7  miles  from  the  colony  site.  This  would 
indicate  a  rapidity  of  dispersion  in  excess  of  that  of  Compsilura, 
and  one  which  is  distinctly  satisfactory. 

Another  specimen  was  reared  in  the  fall  of  1910  from  a  caterpillar 
of  the  fall  webworm  collected  in  the  open,  and  this  was  also  con- 
sidered as  satisfactory  evidence  of  its  ability  to  exist  here.  At  the 
present  time  there  seems  to  be  every  reason  to  expect  that  it  will  be 
found  in  1911  over  a  more  considerable  territory  and  in  a  much 
greater  abimdance  than  in  1910. 

ZYGOBOTHRIA   NEDICOLA   TOWNS. 

The  few  caterpillars  which  Mr.  Titus  saved  from  among  those 
emerging  from  the  hibernating  nests  in  the  spring  of  1906  all  died 
before  pupation,  and  no  other  parasite  than  Apanteles  and  a  single 
specimen  of  the  Apanteles  parasite,  Mesochorus  paUipeSy  was  reared 
from  them.  In  1907  trouble  was  again  experienced  in  carrying  the 
caterpillars  from  imported  nests  through  to  maturity,  but  among  the 
thousands  which  were  fed  in  the  cages  at  the  North  Saugus  laboratory, 
as  described  in  the  account  of  the  introduction  of  Apanteles,  a  few  did 
95677**— Bull.  91—11 19 
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reach  the  pomt  of  pupation,  and  from  them  a  very  few  Zygobothria 
adults  (fig.  69)  were  reared.  There  was  no  ground  for  doubting  that  the 
tachinids  actually  issued  from  the  imported  caterpillars  of  the  brown- 
tail  moth  and  that  they  had  actually  been  present  as  hibernating 
larvae  within  the  caterpillars  when  they  were  received  from  Europe, 
but  at  the  same  time  the  circumstance  seemed  so  improbable  as  to  be 
refused  immediate  credence.  Confirmation  of  the  records  was  accord- 
ing^ly  sought  in  1908,  and  preparations  were  made  to  carry  large 
mmibers  of  the  caterpillars  from  imported  nests  through  to  maturity 
in  the  large  trays,  already  mentioned  in  the  discussion  of  Apanteles. 
For  a  time  everytliing  went  well,  and  the  caterpillars  passed  through 
three  of  the  spring  stages  and  assumed  the  colors  characteristic  of  the 

last  with  scarcely  any  mortality. 
Then,  for  some  reason,  they  ceased 
to  feed  freely,  and  began  to  die, 
and  even  those  which  did  feed 
ceased  to  grow.  Eventually  prac- 
tically all  of  them  died,  but  of  the 
few  which  survived  to  pupate,  a 
very  few  contained  the  parasite, 
and  although  only  about  half  a 
dozen  of  the  adult  Zygobothria 
were  reared,  they  were  sufficient 
to  prove  beyond  question  the  va- 
Udity  of  the  earlier  conclusions. 
The  death  of  the  caterpillars  from 
imported  nests  in  1906  was  sup- 
posed to  be  due  to  the  epidemic 
of  fungous  disease  which  affected 
those  in  confinement  quite  as  gen- 
erally as  those  in  the  open,  and  in 
1907  death  was  presumed  to  be 
the  result  of  the  unsanitary  con- 
ditions which  resulted  from  the  use  of  the  closed  cages.  In  casting 
about  for  a  cause  in  1908,  the  drying  of  the  food  in  the  open  trays 
before  the  caterpillars  fed  upon  it  was  deemed  to  be  sufficient,  and 
consequently,  in  1909,  it  was  determined  to  use  extraordinary  precau- 
tions and  to  rear  a  large  number  of  the  tachinids  if  it  were  possible. 
In  the  early  spring  of  1909  a  considerable  number  of  the  imported 
caterpillars  was  dissected  before  they  began  to  feed,  and  in  some  lots 
a  high  percentage  was  found  to  contain  the  hibernating  larv»  of  the 
Zygobothria  (fig.  63,  p.  264).  These  lots  were  to  be  given  especial 
care,  and  little  doubt  was  felt  as  to  the  success  of  the  outcome,becaiise 


Fio.  e>d.— Zygobothria  nidicola:  Adult  female,  with 
front  view  of  head  above  and  side  view  below. 
Much  enlarged .    ( Original . ) 
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no  particular  difficulty  had  been  experienced  in  feeding  small  numbers 
of  the  caterpillars  from  native  nests  through  all  of  their  spring  stages. 

As  was  the  case  in  1907,  the  caterpillars  passed  through  the  first 
three  spring  stages  with  scarcely  any  mortaUty,  and,  as  before,  trouble 
was  finaUy  encountered.  In  the*  first  place  a  considerable  propor- 
tion of  the  trays  was  infected  with  the  fungous  disease,  which  had 
been  accidentaUy  brought  in  from  the  field,  and  these  had  to  be 
destroyed  summarily.  There  were  still  a  number  of  the  trays  unaf- 
fected, however,  and  these  were  given  the  ver}'  beat  care  which  pre- 
vious success  with  native  caterpillars  and  failure  with  imported  cater- 
piUars  suggested.  In  spite  of  all  the  results  were  exactly  as  before, 
and,  as  before,  only  an  insignificant  number  of  the  Zygobothria  com- 
pleted their  transformations.  It  was  all  the  more  surprising  because 
there  were  several  of  the  smaller  and  choicer  lots  which  were  kept  in 
a  cool,  airy  place,  side  by  side  with  trays  of  native  caterpillars,  fed 
upon  the  same  food  and  given  identically  the  same  attention,  and 
yet  every  single  individual  of  the  one  lot  died,  while  nearly  every 
individual  of  the  others  went  through  to  maturity. 

It  began  to  look  as  though  there  was  something  wrong  which  was 
outside  of  the  power  of  anyone  at  the  laboratory  to  remedy,  and  it 
was  resolved  to  test  the  matter  thoroughly  in  1910. 

The  caterpillar-dissection  work  which  was  begun  in  the  spring  of 
1909  was  carried  on  quite  extensively  in  the  winter  of  1909-10,  and 
among  the  several  lots  of  hibernating  nests  imported  that  winter  those 
which  came  from  Italy  and  France  were  found  to  contain  a  very  large 
percentage  of  caterpillars  bearing  the  larvae  of  Zygobothria  (fig.  63, 
p.  264).  These  caterpillars,  as  soon  as  they  emerged  from  these  nests 
in  the  spring,  were  separated  into  two  lots.  A  part  of  them  was  fed 
in  trays,  as  before,  and  another  part  was  immediately  placed  in  the 
open,  upon  small  oak  trees  which  had  previously  been  cleared  of  native 
nests  of  the  brown-tail  moth  with  this  end  in  view. 

The  caterpillars,  as  usual,  did  remarkably  well  in  both  cases,  and 
as  usual  the  three  spring  stages  were  passed  in  the  normal  maimer. 
At  the  end  of  that  time  those  which  had  been  fed  in  trays  began  to 
die,  and  those  in  the  open  to  disappear.  Mr.  Timberlake,  who  was 
assiduously  trying  to  follow  the  development  of  the  Zygobothria  mag- 
gots throughout  their  later  stages,  found  it  increasingly  difficult  to 
find  the  caterpillars  in  very  large  numbers  in  the  field  where  they  had 
been  colonized,  and  finally  of  the  thousands  originally  present  only 
about  150  could  be  found.  These  had  reached  their  last  stage  by  this 
time,  and  they  were  collected  and  brought  into  the  laboratory. 
Within  a  few  days  all  but  a  very  small  number  had  died,  and  as  there 
was  a  good  chance  that  a  few  native  caterpillars  were  present,  there 
was  nothing  to  indicate  that  all  of  the  survivors  were  not  native 
instead  of  imported. 
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At  the  same  time  that  the  imported  caterpillars  were  liberated,  as 
above  described,  a  number  of  experiments  in  the  similar  colonization 
of  native  caterpillars  was  be^n,  and  in  every  instance  in  which  they 
were  not  overtaken  with  some  well-defined  calalnity — ^fire  in  one 
instance,  starvation  in  others — they  went  through  to  maturity  in 
large  numbers  and  in  a  perfectly  normal  maimer. 

It  is  no  longer  to  be  doubted  that  in  the  case  of  tne  imported  cater- 
pillars some  element  other  than  any  which  is  operative  during  the 
feeding  period  of  the  caterpillars  in  the  spring  is  to  be  held  responsible 
for  their  wholesale  demise.  The  uniform  ill  success  which  has  invari- 
bly  attended  the  attempts  to  feed  the  brown-tail  caterpillars  from 
imported  nests  through  to  maturity  can  no  longer  be  considered  as 
either  coincidental  or  the  result  of  inexperience  in  this  sort  of  work. 
Something  else  is  responsible,  and  in  looking  about  for  parallel 
instances  the  results  which  have  attended  all  attempts  to  feed  cater- 
pillars of  the  brown-tail  moth,  no  matter  from  what  source,  out  of 
season,  are  possibly  to  be  considered  as  comparable. 

Hundreds  of  experiments  involving  the  feeding  of  native  and 
imported  caterpillars  upon  lettuce  during  the  late  winter  and  early 
spring  have  invariably  resulted  in  carrying  the  caterpillars  through 
their  first  three  spring  stages  and  in  their  death  before  pupation. 
This  may  be  due  to  the  character  of  the  food. 

A  smaller  number  of  experiments  in  feeding  caterpillars  of  the 
brown-tail  moth,  which  had  been  retarded  in  their  emergence  from 
the  winter  nests,  have  always  resulted  in  a  manner  not  altogether 
incomparable.  Many  thousands  of  these  caterpillars  have  been  kept 
in  cold  storage  for  about  one  month  after  they  would  normally  have 
issued  and  then  placed  upon  their  favored  food  plants  in  the  open. 
Upon  several  occasions  when  this  has  been  done  the  caterpillars  have 
fed  very  freely  at  first,  grown  rapidly,  and  appeared  to  be  perfectly 
healthy.  Then  they  would  begin  to  die,  almost  exactly  as  the 
imported  caterpiQars  would  begin  to  die  in  the  fourth  spring  stage, 
and  it  does  not  appear  that  any  of  them  have  ever  completed  their 
transformations.  This  may  be  due  to  the  weather  conditions  and 
unsuitable  food.  It  is  believed  that  it  is  indirectly  due  in  this 
instance,  and  in  the  instances  of  the  caterpillars  from  imported  n^ts, 
to  the  fact  that  both  the  one  and  the  other  have  been  subjected  to 
abnormal  conditions  during  hibernation.  The  imported  nests  are 
always  exposed  for  a  considerable  period  during  the  winter  to  an 
unduly  high  temperature.  The  caterpillars  are  almost  upon  the 
point  of  becoming  active — sometimes  they  are  beginniog  to  become 
active — when  the  nests  are  received  at  the  laboratory.  As  soon  as 
possible  after  their  receipt  they  are  placed  under  out-of-door  tem- 
perature again,  with  the  result  that  the  caterpillars  become  inactive 
and  remain  so  until  the  time  when  they  would  normally  have  issued 


Digitized  by 


Google 


PABASITES  HIBEBNATING  IN   BEOWN-TAIL  WEBS.  293 

from  the  nests  had  they  not  been  exposed  to  undue  warmth  during 
the  winter. 

It  makes  little  difference  whether  the  nests  are  exposed  to  one 
temperature  or  another  during  the  winter  so  long  as  the  caterpillars 
are  not  actually  stirred  into  activity;  the  date  of  final  emergence  in 
the  spring  remains  practically  unchanged.  Roughly  speaking,  if 
brown-tail  nests  are  exposed  to  a  constant  high  temperature  begin- 
ning at  any  time  during  October  the  caterpillars  will  die  without 
becoming  active;  during  November  they  will  die  if  kept  too  warm, 
but  become  active  in  a  little  over  a  month  if  kept  warm  and  humid; 
in  December  they  will  sometimes  become  active  by  the  1st  of  January 
if  they  are  kept  fairly  humid,  and  during  January  they  will  nearly 
always  become  active  in  a  Uttle  less  than  a  month,  no  matter  what 
the  conditions  of  humidity;  after  the  1st  of  February  activity  is 
resumed  in  something  like  two  weeks;  after  the  1st  of  March  in  about 
one  week,  and  later  in  a  few  days.  If  kept  at  a  high  temperature 
for  three  weeks  in  December  or  two  weeks  in  January  and  then  placed 
xmder  natural  conditions  for  the  rest  of  the  winter,  their  emergence 
will  not  be  appreciably  hastened  in  the  spring,  but  if  the  attempts  to 
rear  Zygobothria  from  imported  caterpillars  which  have  been  handled 
in  much  this  manner  are  to  be  properly  interpreted,  subjection  to 
such  abnormal  conditions  results  in  a  subtle  disarrangement  of  the 
vital  processes,  and  the  insect  is  metaboHstically  unbalanced. 

It  is  hardly  necessary  (to  return  to  the  story  of  Zygobothria)  to 
state  that  these  successions  of  almost  total  failures  were  not  only 
puzzling,  but  decidedly  exasperating.  In  1910,  for  example,  we 
estimated  the  number  of  apparently  healthy  Zygobothria  larvae  on 
hand  in  apparently  equaUy  healthy  caterpillars  to  be  something  Uke 
40,000,  of  which  something  like  10,000  or  15,000  were  in  the  cater- 
pillars which  were  feeding  and  growing  in  a  perfectly  natural  manner 
in  the  open.  Long  before  it  was  time  for  these  caterpillars  to  pupate 
we  had  given  up  all  hope  of  more  than  an  insignificant  number  of 
these  parasites  going  through  to  maturity,  and,  as  a  matter  of  fact, 
there  is  no  record  of  a  single  one  among  them  going  through.  Every 
resource  had  been  exhausted  the  winter  before  in  attempting  to 
secure  a  shipment  of  nests  of  the  brown-tail  moth  in  good  condition 
from  some  locality  where  there  was  a  likelihood  of  Zygobothria 
occurring  in  abundance  as  a  parasite,  and  the  failure  was  even  more 
complete  than  usual.  There  remained  only  the  alternative  of  import- 
ing large  numbers  of  full-fed  and  pupating  caterpillars  of  the  brown- 
tail  moth,  coUected  in  the  same  localities,  and  the  prospect  that  this 
would  be  successfully  accomplished  was  far  from  brilliant.  The 
senior  author  was  in  Europe  at  the  time  when  these  conclusions  were 
formed  and  was  putting  forth  his  utmost  endeavors  to  bring  about 
this  very  thing,  but  June  passed,  and  with  the  advent  of  July  it 
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became  certain  that  no  shipments  of  any  consequence  would  be 
received. 

It  was  known  that  the  parasite  could  be  secured  in  this  manner 
because  small  numbers  had  been  reared  from  the  imported  quantities 
of  full-fed  and  pupating  caterpillars  which  were  received  at  the  labo- 
ratory in  1906  and  several  hundred  from  similar  shipments  in  1907. 
This  latter  year  no  accurate  records  had  been  made  of  the  number  of 
each  species  of  tachinids  emerging  from  the  im]>ortations  of  brown-tail 
moth  material,  but  it  was  known  that  somewhere  between  300  and  500 
individuals  had  been  reared,  the  most  of  which  were  colonized  at  North 
Saugus.  This  was  the  only  lot  of  adult  flies  of  any  consequence  which 
had  been  reared  and  liberated,  and  since  special  efforts  which  had  been 
made  to  recover  this  and  other  species  liberated  at  the  same  time  and 
place  had  failed  in  both  1908  and  1909,  it  was  not  considered  to  be  at 
all  likely  that  the  attempted  colonization  was  successful. 

The  situation,  in  so  far  as  Zygobothria  was  concerned,  could  hardly 
have  appeared  worse  than  it  was  at  the  beginning  of  July,  1910.  No 
one  species  of  anything  like  equal  importance  had  been  quite  so  diffi- 
cult to  secure  in  adequate  numbers  and,  moreover,  there  was  no  imme- 
diate prospect  of  finding  a  way  to  overcome  the  difficulties  attending 
its  importation.  Consequently  no  similar  circumstance,  except  per- 
haps the  recovery  of  the  gipsy-moth  parasite,  ApantdesfulvipeSj  could 
have  caused  a  liveUer  satisfaction  than  was  felt  when  several  bona  fide 
specimens  of  Zygobothria  were  reared  from  a  lot  of  cocoons  of  the 
brown-tail  moth  which  had  been  collected  in  the  field  some  time  be- 
fore. The  first  specimen  to  issue  was  a  male  and  it  was  followed  by 
several  more  of  the  same  sex.  The  males  are  markedly  different  from 
the  females  in  appearance  and  not  quite  so  distinctive,  and  we  did  not 
feel  absolutely  sure  of  their  identity  at  first,  but  when  after  a  few  days 
a  female  was  secured  in  the  same  manner  from  American  cocoons 
there  was  no  possible  doubt  that  the  species  was  not  only  established 
in  America  as  firmly  as  three  generations  from  a  small  beginning 
would  permit,  but  dispersing  with  considerable  rapidity,  since  of  the 
seven  specimens  reared  none  was  from  less  than  1  mile  of  the  original 
colony  site  and  one  was  from  at  least  3  miles  distant.  It  is  certain 
that  the  species  must  have  spread  over  at  least  30  square  miles  since 
its  colonization  three  years  ago,  and  when  the  millions  of  brown-tail 
moth  caterpillars  which  are  present  in  that  territory  are  compared 
with  the  few  thousands  which  produced  the  seven  Zygobothria  reared 
in  1910,  it  is  equally  certain  that  its  increase  has  been  at  the  same 
time  enormous. 

It  bids  fair,  judging  from  this,  to  do  exceedingly  well  in  America. 
Unlike  Compsilura  concinnataj  Pales  pavida,  and  other  tachinids,  which 
rank  of  some  importance  as  parasites  of  the  brown-tail  moth  and  gipsy 
moth  in  the  Old  World,  it  is  wholly  independent  of  any  host  other 
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than  the  brown-tail  moth,  and  its  rate  of  multiplication,  being  un- 
questionably more  rapid  than  that  of  the  brown-tail  moth,  ought  not 
to  be  checked  until  it  has  become  a  factor  in  the  control  of  its  own 
particular  host. 

It  may  be  added  as  a  postscript  that  a  few  days  after  writing  the 
above  a  few  hundred  caterpillars  of  the  brown-tail  moth  collected  in 
the  field  from  hibernating  nests  were  dissected  in  the  laboratory.  In 
them  were  found  several  of  the  characteristic  first-stage  Zygobothria 
larvae  (fig.  63,  p.  264)  embedded  in  the  walls  of  the  guUet.  The  evi- 
dence presented  by  this  small  number  of  dissections  is  less  satisfactory 
than  tiiough  the  number  were  larger,  but  if  it  is  to  be  accepted  the 
rate  of  increase  of  Zygobothria  in  1910  is  considerably  better  than  was 
expected. 

PABASITES    ATTACKINO   THE    LABOEB    CATEBPILLABS    OF   THE 

BBOWN-TAIL  MOTH. 

HYMENOPTEROUS   PARASITES. 

In  Europe  after  the  caterpillars  of  the  brown-tail  moth  resume 
activity  in  the  spring  they  become  subject  to  attack  by  a  variety  of 
tachinid  parasites,  but  so  far  as  has  been  determined  by  rearing  work 
with  imported  material  the  only  hymenopterous  parasite  of  any  con- 
sequence is  Meteorus,  which  passes  the  winter  as  a  first-stage  larva  in 
the  hibernating  caterpillars. 

In  fact,  only  a  single  other  parasite  has  ever  been  reared  from 
imported  caterpillars  which  may  not  have  come  from  some  other  acci- 
dentaUy  included  host,  and  this  is  the  Limnerium  disparisj  which  has 
already  received  attention  as  a  minor  parasite  of  the  gipsy  moth.  It 
would  certainly  seem  as  though  there  were  likely  to  be  others  attack- 
ing the  caterpillars  of  the  brown-tail  motli  in  Europe  in  spite  of  the 
fact  that  none  has  been  secured,  and  this  supposition  is  upheld  by  the 
published  results  of  a  study  in  the  parasites  of  the  brown-tail  moth 
which  was  made  a  few  years  ago  by  a  Russian  entomologist,  Mr.  T.  W. 
Emelyanoflf.  He  mentions  a  number  of  parasites  which  have  not  been 
reared  at  the  laboratory  from  imported  material,  and  among  them  one, 
Apantdes  vitripennis  Hal.,  which  is  so  common,  according  to  his  ac- 
count, that  the  *^  cocoons  are  sometimes  accumulated  together  in  great 
numbers."  Any  suspicions  that  the  Apan teles  thus  observed  by  him 
is  identical  with  A.  lacfeicolor  Vier,  as  reared  at  the  laboratory  and 
which  is  the-  only  representative  of  the  genus  that  has  been  reared 
from  caterpillars  collected  in  Russia  or  elsewhere,  is  at  once  dispelled 
by  his  detailed  account  of  the  early  life  and  habits  of  the  species  which 
he  had  under  observation  and  which  differ  in  all  essential  par- 
ticulars from  the  life  and  habits  of  A.  ladeicolor.  The  caterpillars 
are  attacked  soon  after  they  leave  the  nests.     Instead  of  dying  in 


Digitized  by 


Google 


296  PARASITES  OF  GIPSY  AND  BROWN-TAIL  MOTHS. 

their  molting  webs  they  crawl  down  the  trunks  of  the  trees,  and  the 
cocoons  of  the  parasite  are  found  in  splits  and  holes  in  the  bark,  rarely 
higher  than  from  1  to  1^  yards  from  the  ground.  The  host  caterpillar 
is  left  aUve  and  remains  for  some  time  clinging  to  the  cocoons  of  its 
parasite,  something  which  has  never  been  observed  in  the  case  of  A. 
lacteicolor. 

The  plans  for  the  commg  season,  if  they  materialize,  call  for  a  thor- 
ough study  of  the  Russian  parasitic  fauna  of  the  brown-tail  moth,  and 
it  is  sincerely  hof)ed  that  the  observations  of  Mr.  Emely anoff  may  be 
confirmed. 

TACmNID  PARASITES. 

Several  of  the  tachinids  which  attack  the  brown-tail  moth  have 
already  been  mentioned  in  the  course  of  the  discussion  of  the  gipsy- 
moth  parasites.  Among  them  CompsUura  condnnata  is  the  only  spe- 
cies which  is  of  real  importance  in  connection  with  both  hosts. 

Tachina  larvarum  is  not  uncommonly  encountered  as  a  brown-tail 
moth  parasite,  but  never  so  commonly  as  it  frequently  is  m  its  other 
connection.  Tricholyga  grandis  has  also  been  reared  in  small  numbers 
from  cocoon  masses  of  the  brown-tail  moth. 

The  tachinid  parasites  of  the  brown-tail  moth,  which  are  either 
unknown  as  parasites  of  the  gipsy  moth  or  which  are  rarely  encoun- 
tered in  that  connection,  include  a  considerable  variety  of  sf)ecies,  sev- 
eral of  which  appear  to  be  of  little  or  no  real  importance.  As  will  be 
seen,  they  include  amongst  their  number  species  which  represent  the 
extreme  of  diversity  in  habit. 

Dexodes  nigripes  Faxl. 

Another  example  of  the  artificiality  of  the  present  accepted  scheme 
of  classification  of  the  tachinid  flies  is  to  be  founds  in  the  separated 
positions  therein  occupied  by  the  two  exceedingly  similar  species 
Compsilura  condnnata  and  Dexodes  nigripes.  So  similar  are  these  two 
that  if  a  few  hairs  and  bristles  were  to  be  rubbed  from  the  head  of 
one  it  would  be  practicaUy  impossible  to  distinguish  it  from  the  other, 
even  though  ever^^thing  in  connection  with  the  early  stages  and  life  of 
each  was  known.  The  one  point  of  difference  of  any  consequence 
from  an  economist's  standpoint  is  the  more  restricted  host  relation- 
ship of  Dexodes,  which,  though  equally  common  with  Compsilura  as 
a  parasite  of  the  brown-tail  moth  in  Europe,  is  exceedingly  rare  as  a 
parasite  of  the  gipsy-moth  caterpillars.  In  every  other  respect, 
except  host  relationship,  the  habits  of  the  two  are  identical,  and  so  far 
as  known  their  earUer  stages  are  absolutely  indistinguishable. 

Dexodes  was  first  received  and  liberated  as  a  parasite  of  the  brown- 
tail  moth  in  1906,  and  it  was  the  first  of  the  tachinid  parasites  to  be 
carried  through  all  of  its  transformations  in  the  laboratory  upon  Amer- 
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ican  hosts.  This  was  accomplished  by  Mr.  Titus  in  one  of  the  large 
out-of-door  cages  in  1906,  and  again  with  somewhat  more  success  in  one 
of  the  smaller  indoor  cages  in  1907.  As  with  Compsilura,  only  two 
weeks  are  required  for  the  larval  development,  a  week  or  ten  days  for 
the  pupal  stage,  and  three  or  four  days  for  the  female  to  reach  her 
full  sexual  maturity.  As  is  also  true  with  Compsilura  the  larv»  are 
deposited  by  the  female  beneath  the  skin  of  the  host  caterpillar. 

Several  small  colonies  were  planted  by  Mr.  Titus  in  1906,  followed 
by  several  more  small  ones  and  one  larger  one  in  1907.  None  was 
liberated  in  1908,  but  in  1909  one  very  lai^e  and  satisfactory  colony 
was  put  out.  In  1910  only  a  single  specimen  of  the  parasite  was 
received  from  abroad  and  this,  curiously  enough,  in  a  shipment  of 
gipsy-moth  caterpillars. 

It  was  confidently  expected  that  in  1910  at  least  a  few  specimens 
would  be  recovered  from  the  field  as  a  result  of  the  earlier  colonization 
work,  but  these  expectations  were  not  realized.  Of  all  of  the  tachinid 
parasites  of  the  brown-tail  moth,  not  excepting  Compsilura  concinnata, 
it  was  the  one  most  satisfactorily  colonized  in  1906  and  1907,  and  on 
this  account  it  was  expected  to  find  it  established  in  the  field. 

It  is  considered  as  one  of  the  most  likely  of  the  as  yet  unrecovered 
parasites  to  be  recovered  from  the  field  inl911orl912. 

Parexorista  chelonlb  Rond. 

No  brown-tail  moth  material  was  received  from  abroad  during  the 
summer  of  1905,  and  consequently  nothing  was  known  of  the  hiber- 
nating tachinids  which  attack  this  host  until  the  spring  of  1907, 
when  they  began  to  issue  from  the  puparia  of  the  previous  summer's 
importations.  All  that  were  reared  that  spring  were  of  the  one 
species,  which  has  since  been  determined  as  Parexorista  chelonise 
Rond.,  and  to  date  no  other  species  hibernating  as  a  puparium  and 
with  but  one  annual  generation  has  been  reared  from  this  host. 
Nothing  to  compare  with  the  difficulties  which  attended  the  hiber- 
nation of  the  principal  gipsy-moth  parasite  having  similar  habits 
was  encountered  in  the  case  of  Parexorista.  Its  puparia  (PI.  XX, 
fig.  4)  were  carefully  covered  with  earth  the  first  winter  and  the 
second,  but  it  was  then  found  that  this  precaution  was  unnecessary 
and  that  the  percentage  of  emergence  was  quite  as  large  when  the 
puparia  were  kept  dry  as  when  they  were  damp.  The  difference 
appears  to  be  associated  with  the  state  in  which  the  pupro  themselves 
hibernate.  Those  of  Blepharipa  and  Crossocosmia  develop  adult 
characters  in  the  fall,  and  it  is  in  reality  the  unissued  adults  which 
hibernate.  Those  of  Parexorista  do  not  develop  adult  characteristics 
until  spring,  and  besides  in  Parexorista  the  space  between  the  pupa 
or  nymph  and  the  shell  of  the  puparium  is  dry  and  does  not,  as  in 
Blepharipa,  contain  a  small  quantity  of  colorless  liquid. 
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Accordingly  the  percentage  of  emergence  of  Parexorista  chdonix 
has  aggregated  nearly  or  quite  90  per  cent  each  year  as  against  the 
relatively  small  percentage  of  Blepharipa  which  has  been  carried 
through  its  transformations. 

A  very  few  of  the  flies  were  liberated  in  1907,  but  there  were  too 
few  puparia  of  the  species  received  the  summer  before  to  make  any- 
thing like  a  satisfactory  colony  of  the  species  ]>ossible.  In  1908  in 
excess  of  2,000  of  the  flies  issued  from  the  previous  season's  importa- 
tions, and  of  these  about  1,600  were  liberated  in  one  colony  under 
circumstances  which  were  the  most  favorable  that  could  be 
imagined.  The  remaining  ones  were  used  by  Mr.  Townsend  in  a 
s:iccessful  series  of  experiments  which  have  already  been  summarized 
in  an  account  of  his  first  year's  woik,  published  as  Part  VI  of  Tech- 
nical Series  12  of  the  Bureau  of  Entomolc^y.  Other  equally  satis- 
factory colonies  were  established  later,  but  of  these  nothing  more 
need  be  said  at  this  time. 

The  large  colony  Uberated  by  Mr.  Townsend  in  the  spring  of  1908 
consisted  of  flies  of  both  sexes,  very  many  of  which  had  mated  before 
they  were  given  their  freedom.  This  circumstance,  which  was  not 
considered  as  particularly  of  interest  at  the  time,  has  acquired 
significance  more  recently,  as  will  be  shown. 

Later  in  the  spring  and  early  in  the  summer  caterpillars  collected 
from  the  immediate  colony  site  were  foimd  to  contain  the  larvae  of 
the  parasite,  and  a  calculation  involving  the  number  of  caterpillars 
within  a  limited  area  immediately  surrounding  the  point  of  Uberation, 
the  number  of  flies  liberated,  and  the  percentage  of  parasitism  pre- 
vailing in  this  area  indicated  a  very  satisfactory  rate  of  increase.  It 
will  be  remembered  that  the  flies  were  in  part  ready  or  nearly  ready 
to  oviposit  when  they  were  given  their  freedom,  so  that  dispersion  did 
not  have  to  be  taken  into  consideration  to  the  extent  which  is  neces- 
sary when  a  long  period  elapses  between  the  time  of  Uberation  and 
the  time  of  recovery. 

In  1909  similar  collections  of  caterpillars  and  cocoons  were  made 
in  the  same  and  in  nearby  localities,  and  the  number  of  Parexorista 
which  was  secured  from  them  was  gratifyingly  lai^e.  These  col- 
lections had  not  been  made  with  the  view  of  determining  the  rate  of 
dispersion,  but  it  was  apparent  that  the  increase  had  been  accom- 
panied by  a  rate  of  dispersion  that  was,  at  the  very  least,  satisfactory 
and  which,  for  all  evidence  to  the  contrary,  might  be  phenomenal. 

Accordingly  in  1910  a  series  of  collections  was  planned,  some  of 
which  were  to  be  made  in  exactly  the  same  localities  as  those  from 
which  the  flies  were  recovered  the  year  before  and  which  were 
designed  to  be  indicative  of  the  prevailing  rate  of  increase,  while 
others  at  varying  distances  and  in  difTerent  directions  from  the  colony 
center  were  designed  to  show  the  rate  of  dispersion.     No  doubt  whatr 
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ever  was  felt  concerning  the  recovery  of  the  parasite,  which  was 
considered  to  be  as  firmly  established  as  the  Calosoma  or  CompsUura 
condnnata.  The  results  afforded  another  example  of  the  obtrusive- 
ness  of  the  unexpected.  Not  a  single  Parexorista  puparium  was 
secured  from  any  of  the  material  included  in  this  series  of  collections. 

This  was,  all  things  considered,  the  most  serious  setback  of  any 
which  the  parasite  work  has  experienced  since  its  inception.  It  was 
never  doubted  from  the  first  that  some  among  the  parasites  would 
be  unable  to  exist  in  America,  and  no  species  was  really  credited  wnth 
having  demonstrated  its  ability  to  do  so  until  it  had  Uved  over  at 
least  one  complete  year  out  of  doors.  Parexorista  had  done  this 
and  more,  having  gone  through  two  complete  generations,  unless, 
what  was  not  at  all  likely,  its  puparia  had  all  been  kUled  some  time 
during  the  fall  or  winter. 

Without  indulging  in  unnecessary  speculation  as  to  the  reason  for 
its  disappearance,  the  following  facts  are  presented  for  consideration: 

There  is  in  America  a  tachinid  known  as  Parexorista  cJieloniXt 
which  is  morphologically  identical  with  the  European  race  so  far  as 
may  be  determined  through  a  painstaking  comparison  of  the  two.  It 
is  a  common  parasite  of  the  tent  caterpillars  Malacosoma  awericana 
Fab.  and  M,  disstria  Hubn.  The  adult  flies  issue  at  the  same  time 
in  the  spring  as  do  those  of  the  European  parasite  of  the  brown-tail 
moth.  The  same  type  of  egg  is  deposited;  the  larvae  are  indistin- 
guishable in  any  of  their  stages  or  habits  during  their  several  stages ; 
the  third-stage  larvae  issue  at  the  same  time  and  form  puparia  which 
are  apparently  the  exact  copies  of  the  European,  and  the  hibernating 
habits  are  the  same.  The  one  and  only  difference  is  that  the  Ameri- 
can Parexorista  cTielonise  does  not  attack  the  caterpillars  of  the  brown- 
tail  moth,  while  the  European  Parexorista  chelonise  is  perhaps  the 
most  important  of  the  tachinid  parasites  of  this  host. 

Mr.  W.  R.  Thompson,  whose  excellent  and  painstaking  work 
makes  possible  the  above  comparison  between  the  two  races,  went 
a  step  further  in  his  investigations.  He  found  by  actual  experiment 
that  in  confinement,  at  least,  the  European  males  would  unite  with 
the  American  females  with  as  much  freedom  as  with  those  of  their 
own  species.  Granted  that  similar  interminghng  of  the  races  takes 
place  in  the  open,  and  the  reason. for  the  nonrecovery  of  Parexorista 
ehelonise  as  a  parasite  of  the  brown-tail  moth  in  the  summer  of  1910 
is  no  longer  a  mystery. 

It  was  stated  a  few  paragraphs  back  that  the  flies  which  were  colo- 
nized in  the  spring  of  1908  were  largely  mated  at  the  time  of  liberation. 
Their  progeny,  which  issued  in  the  spring  of  1909,  would  therefore  be 
of  the  pure-blooded  European  stock.  Issuing  at  the  same  time  were 
a  vastly  larger  number  of  the  American  race,  because  as  it  happened 
there  was  an  incipient  outbreak  of  Malacosoma  disstria  in  that  very 
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locality,  which  was  quite  heavily  parasitized  by  Parexorista.  There 
were  easily  50  or  100  of  the  American  flies  to  one  of  the  European 
race  present  in  that  general  vicinity  in  the  spring  of  1909.  The 
chances  that  the  pure-blooded  European  females  were  fertilized  by 
American  males  were  therefore  a  good  50  or  100  to  1  at  the  most 
conservative  estimate. 

Being  of  the  European  race,  their  instincts  led  them  to  attack  the 
cateipillars  of  the  brown-tail  moth,  and  the  attack  was  successful, 
«s  witnessed  by  the  number  of  puparia  which  were  secured  from  the 
collected  caterpillars  and  pup»  in  the  summer  of  1909,  but  these 
puparia,  instead  of  representing  the  pure-blooded  European  stock,  as 
was  then  supposed,  represented  the  half-breed  stock  resulting  from 
the  promiscuous  mating  of  their  mothers.  Evidently  the  females 
issuing  from  them  in  the  spring  of  1910  lost  the  cunning  which  is 
characteristic  of  the  European  race,  which  makes  possible  the  deposi- 
tion of  the  soft-shelled  eggs  amongst  the  bristling  poisonous  spines 
of  the  host  without  injury. 

Mr.  Thompson,  in  hLs  experiments  with  the  American  female 
which  had  been  fertilized  by  an  European  male,  found  that  she  was 
neither  anxious  to  oviposit  upon  the  caterpillars  of  the  brown-tail 
moth  nor  able  to  do  this  successfully.  A  proportionately  large 
number  of  the  eggs  deposited  upon  this  host  were  either  pierced  by 
the  poison  spines  or  else  the  young  larvse  came  in  contact  with  these 
and  died  before  entering.  A  few  larvae  did  succeed  in  gaining  en- 
trance, and  one  or  two  passed  through  their  transformations,  but 
when  the  natural  disinclination  to  attack  the  caterpillars  of  the 
brown-tail  moth  was  associated  with  a  heavy  mortality  following 
occasional  attack  the  percentage  of  parasitism  is  reduced  to  the 
minimum. 

In  consequence  of  these  observations  in  field  and  laboratory,  the 
name  of  Parexorista  chelonise  has  been  erased  from  the  list  of  promis- 
ing European  parasites  of  the  brown-tail  moth  and  placed  at  the  head 
of  the  list  of  the  imported  parasites  which  are  proved  unfit. 

It  is  a  pity,  too,  as  has  incidentally  been  stated,  because  it  is  about 
the  most  common  of  any  of  the  tachinid  parasites  in  Europe,  and, 
moreover,  is  one  which  is  entirely  independent  of  any  alternate  host. 

Pales  pavida  Meig. 

There  is  a  very  considerable  group  of  tachinid  parasites  of  the 
brown-tail  moth  which  appears  to  be  more  commonly  encountered  in 
material  from  southern  European  localities  than  from  those  in  the 
north.  One  of  these,  Zygobothria  nidicolaj  has  already  been  the 
subject  of  lengthy  discussion.  The  fact  that  though  apparently 
southern  in  its  distribution  in  Europe,  it  has  manifested  a  strong 
tendency  to  become  thoroughly  acclimatized  here,  has  lent  encour- 
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agement  to  the  attempts  which  have  been  made,  and  which  will  be 
renewed,  looking  toward  the  establishment  here  of  others  having  a 
somewhat  similar  distribution. 

Pahs  pavida  (fig.  70)  is  perhaps  as  promising  as  any  among  these, 
although  it  is  possible  that  it  appears  so  on  account  of  a  somewhat 
larger  knowledge  which  we  possess  concerning  its  life  and  habits.  It 
was  first  imported  in  not  very  large  nimibers  in  1906.  In  1907  about 
as  many  were  secured  and  colonized  as  of  the  successfully  introduced 
Zygobothria,  and  more  were  colonized  in  1909.  The  fact  that  it 
has  not  been  recovered  is  by  no  means  to  be  taken  as  positive  asssur- 
ance  that  it  is  not  established,  and  it  is  well  within  the  bounds  of 
possibihty  that  it  will  be  recovered  in  1911  or  1912. 

It  is  one  of  the  species 


which  deposits  its 
upon  the  leaves  to  be 
eaten  by  its  host  (fig.  36, 
p.  214)  and  was  the  first 
species  having  this  habit 
to  be  carried  through  all 
of  its  transformations  in 
the  laboratory.  In  1908 
Mr.  Townsend  succeeded 
in  carrying  some  of  the 
flies  through  the  period 
allotted  for  the  incuba- 
tion of  their  eggs,  but  he 
did  not  succeed  in  secur- 
ing oviposition.  In  1909 
Mr.  Thompson  had  better 
fortime,  and  not  only  se- 
cured eggs  in  abundance, 
but  fed  these  eggs  to  a  variety  of  caterpillars  and  secured  either  the 
puparium  or  the  fly  in  nearly  every  instance.  He  also  secured  much 
interesting  data  upon  the  early  stages,  and  upon  the  life  and  habits 
of  the  early  stages,  a  story  of  which  is  left  for  him  to  tell.  The 
accompanying  illustrations  of  the  eggs  and  larvse  were  prepared 
mider  his  direction.  That  of  the  egg  (fig.  37,  h,  p.  214)  is  of  inter- 
est in  comparison  with  that  of  the  egg  of  Blepharipa  scuteUata  (fig. 
37,  a,  p.  214),  as  showing  the  difference  in  the  characteristic  micro- 
scopic markings.  That  of  the  larva  will  give  a  good  idea  of  the 
integumental  ''funner'  (figs.  71,  72),  formed  by  the  ingrowing  epi- 
dermis, as  differing  from  the  tracheal  ''funnel''  characteristic  of  the 
larva  of  Blepharipa,  as  figured  on  pages  215  and  216. 


FiQ.  70.— Pales  pavida:  Adult  female,  with  front  view  of  head 
above  and  side  view  below,  and  antenna  at  left.  Muet)  en- 
enlarged.    (Original.) 
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PiQ.  71.— Pales  pavida:  Seoond-sCage  larva  in  9Uu  in 
basal  portion  of  integumental  "funnel.' 
larged.    (Original.) 


Much  en- 


Not  very  much  that  is  definite  can  be  said  of  the  seasonal  history 
of  Pales.  It  undoubtedly  will  require  another  host  than  the  cater- 
pillar of  the  bro¥m-tail  moth  in 
order  that  it  may  complete  its 
seasonal  cycle,  but  that  it  will 
find  such  a  host  is  pretty  cer- 
tain. It  would  rather  appear, 
from  what  has  been  observed, 
that  it  will  attempt  to  hibernate 
as  an  adult.  Whether  or  not  it 
will  be  able  successfully  to  do 
this  in  New  England  remains  to 
be  proved. 

It  has  occasionally  been  reared 
as  a  parasite  of  the  gipsy  moth, 
and  if  successfully  introduced 
into  America  it  ought  to  be  of 
some  assistance  in  this  r6le  also. 
Unfortunateljr^  as  a  parasite  of 
the  caterpillar  of  the  brown-tail 
moth,  it  does  not  issue  until 
about  the  time  when  the  moth 
would  have  issued  had  the  individual  remained  healthy.  It  requires 
some  Uttle  time  for  the  females  to  develop  their  eggs,  and  it  is  not 
at  all  likely  that,  like  Compsilura,  it  will  be  found  to  pass  one  genera- 
tion upon  the  caterpillars  of  the 
brown-tail  moth,  and  the  next 
upon  the  gipsy-moth  caterpil- 
lars. 

Zenillia  libatrix  Panz. 

This  parasite,  like  Pales,  de- 
posits its  eggs  upon  foliage  to 
be  eaten  by  its  host,  but,  unlike 
Pales,  it  has  not  been  reared 
through  its  stages  in  the  labo- 
ratory. Like  Pales,  it  is  south- 
ern in  its  distribution,  and  in 
relative  importance  they  are 
about  equal,  judging  from  the 
numbers  of  each  which  have 
been  reared  at  the  laboratory. 

It   was   colonized   in   small 
numbers  in  1906,  in  larger  numbers  in  1907,  and  in  very  small  num- 
bers subsequently.     The  circumstances  attending  its  colonization  are 


FiQ.  72.— PoZef  pavida:  Integumental  ' 
ing  orifice  in  skin  of  host  caterpillar. 
(Original.) 


funnel,"  show- 
Much  enlarged. 
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Fio.  7Z.—Eudoromyia  magnieomia:  Adult  female,  with  front  and  side 
views  of  head  at  right.    Much  enlarged.    (Original.) 


as  satisfactory,  so  far  as  known,  as  those  attending  the  colonization 
of  Pales  and  Zygo- 
bothria,  and  it  is 
hoped  that  it  may  be 
recovered  in  the 
course  of  1911  or 
1912.  It  is  also 
hoped  that  a  large 
number  will  be  im- 
ported in  1911. 

Masicera  stlvatica 
Fall. 

This  tachinid  ap- 
pears not  to  be  im- 
common  as  a  parasite 
of  the  brown-tail 
moth  in  Italy,  but 
has  not  been  received 
from  other  countries 
in  more  than  the  most 
insigni&cant  num- 
bers. Not  enough  have  been  received  to  make  anything  like  colo- 
nization possible,  and  it  is  one  of  the  species  which  it  is  hoped  to 

receive  in  1911. 

EUDOROMYIA   MAONICORNI8   ZeTT. 

This  (see  fig.  73)  is  the  most  distinc- 
tive of  the  tachiaid  flies  parasitic  upon 
the  brown-tail  moth,  and  the  only  one 
among  the  parasites  of  either  the  gipsy 
moth  or  the  brown-tail  moth  which  has 
the  habit  of  depositing  its  active  larvae 
upon  the  food-plant  of  its  host.  This 
habit  was  first  discovered  by  Mr. 
Townsend,  who  gives  an  account  of 
the  manner  of  the  discovery  in  Techni- 
cal Series  VI,  part  12,  of  this  bureau, 
from  which  the  accompanying  figure 
(fig.  74)  was  taken. 

It  is  another  of  the  group  of  tachinid 
parasites  which  appear  to  be  southern 
rather  than  northern  in  distribution, 
on  account  of  which  it  has  been  found 
impossible  to  secure  a  sufficient  number  to  make  adequate  colonies 


Pro.  lA.—Eudoromyia  magnkomiB:  o,  First- 
stage  maggot  attached  to  leaf,  awalthig 
approach  of  a  caterpillar;  b,  month-hook 
of  maggot,  a,  Greatly  enlarged ;  b,  highly 
(From  Townsend.) 
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practicable.  It  was  colonized  together  with  Zygohothria  nidicohj 
Pales  pcmda,  and  ZeniUia  libcUrix,  in  about  the  same  numbers  in 
1906  and  1907,  and,  like  the  two  last  named,  it  is  hoped  to  recover 
it  in  1911.  It  is  also  hoped  to  import  and  liberate  a  much  larger 
number  than  hitherto  during  that  year. 

CyCLOTOPHRYS  AN8ER  ToWNS. 

Mr.  Townsend  described  this  species  as  new  from  specimens  reared 
in  1908  from  brown- tail  moth  material  received  from  the  Crimea. 
It  has  not  been  detected  in  shipments  of  similar  character  from  any 
other  locaUty  in  suflScient  numbers  to  indicate  it  as  being  an  important 
parasite,  nor  have  enough  been  received  from  the  Crimea  to  make 
possible  its  colonization.  It  is  hoped  that  this  may  be  done  in  the 
course  of  the  year  1911. 

It  is  one  of  the  relatively  few  species  of  tachinids  attacking  the 
larvae  of  the  brown-tail  moth  which  deposit  large,  flattened  eggs 
upon  the  body  of  the  host  caterpillars. 

Blbpharidea  vulgaris  Fall. 

This  is  almost  the  only  tachinid  parasite  of  either  the  gipsy  moth 
or  the  brown-tail  moth  which  is  of  no  apparent  importance  in  con- 
nection with  either  host  and  which  at  the  same  time  has  been  reared 
a  sufficient  number  of  times  to  make  its  host  relationship  reasonably 
certain.  The  few  specimens  which  have  been  received  have  mostly 
come  from  various  parts  of  the  German  Empire.  Very  little  is 
known  of  its  life  and  habits,  and  it  is  not  considered  as  being  of 
sufficient  importance  to  warrant  further  investigation. 

PABASITES  OF  THE  PXJPJE  OF  THE  BBOWK-TAIL  MOTH. 

By  far  the  most  important  of  the  parasites  of  the  pupae  of  the 
brown-tail  moth  in  Europe  appears  to  be  Monodontomerus,  an  account 
of  which  has  already  been  given  in  the  discussion  of  the  parasites  of 
the  gipsy  moth.  It  is  more  frequently  reared  in  connection  with  the 
brown- tail  moth  than  with  the  gipsy  moth,  and  some  of  the  ship- 
ments of  cocoons  have  produced  it  in  extraordinary  numbers. 

Theronia,  also  mentioned  as  a  parasite  of  the  gipsy  moth,  is  about 
the  next  in  importance,  but  the  European  T.  aialantse  Poda  is  no 
more  frequently  reared  than  the  American  T.  fulvescens  Cress. 

The  same  species  of  Pimpla  already  mentioned  as  parasites  of  the 
gipsy  moth  in  Europe  attack  the  brown-tail  moth  as  well.  Like 
Theronia  and  Monodontomerus,  they  are  more  frequently  encountered 
in  this  connection  than  in  the  other. 

No  species  of  Chalcis  has  been  reared  from  any  European  material 
received  to  date,  and  in  this  respect  the  parasitism  of  the  pupa  of 
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tiie  brown-tail  moth  differs  from  that  of  the  gipsy  moth.  It  further 
differs  in  that  two  small  gregarious  chalcidids,  both  of  them  closely 
aUied  or  identical  with  American  species  of  the  same  respective 
genera,  have  occasionally  been  reared  from  imported  cocoon  masses. 
Neither  of  these  is  common.  One,  Diglochis  omnivora  Walk,  appears 
to  be  specifically  indistinguishable  from  the  form  which  goes  under 
the  same  name  in  America^  where  it  has  occasionally  been  reared 
from  the  gipsy  moth  and  abundantly  from  the  brown-tail  moth. 
The  other  is  a  species  of  Pteromalus,  which,  according  to  Mr.  Craw-  . 
ford,  is  hardly  to  be  distinguished  from  the  tussock-moth  parasite, 
Pteromalus  cuproideus  How. 

Enough  of  the  latter  species  have  been  reared  to  make  small 
colonies  possible,  but  these  colonies  have  been  so  very  small  as  to 
make  its  estabUshment  improbable.  It  is  hoped  that  a  larger 
number  will  be  imported  in  1911,  but  since  it  appears  to  be  of  very 
slight  importance  in  Europe  no  great  enthusiasm  is  felt  over  the 
prospect. 

SX7MMABY  AND  CONCLUSIONS. 

The  work  of  introducing  into  America  the  parasites  and  other 
natural  enemies  of  the  gipsy  moth  and  the  brown-tail  moth  has  been 
more  arduous  than  was  anticipated  when  it  was  begun.  It  was  soon 
found  that  the  pubUshed  information  concerning  these  enemies  was 
deficient  and  unreliable,  and  that  much  original  research  was  neces- 
sary in  order  that  they  might  be  intelHgently  handled.  Later  it 
developed  that  the  rate  of  dispersion  of  the  introduced  species  was 
80  very  rapid  as  to  necessitate  larger  and  stronger  colonies  than  had 
been  contemplated. 

The  poUcy  originally  adopted  of  employing  foreign  entomologists 
to  collect  the  ^gs,  caterpillars,  and  pupae  of  these  pests  abroad  for 
shipment  to  the  Massachusetts  laboratory,  where  the  parasites 
which  they  contained  might  be  reared,  has  resulted  in  the  successful 
importation  and  colonization  of  a  considerable  number  of  the  para- 
sites which  a  study  of  this  material,  after  its  receipt  at  the  laboratory, 
has  indicated  as  being  of  importance.  Numerous  others  success- 
fully imported  have  been  colonized,  but  so  recently  as  to  render  the 
success  of  the  experiment  uncertain.  On  account  of  the  rapidity 
of  dispersion,  which  results  in  the  parasites  being  very  rare  over  a 
large  territory  instead  of  being  common  over  a  restricted  territory, 
as  long  a  period  as  four  years  may  elapse  before  it  is  possible  to  recover 
them  after  colonization.  It  has  been  found  impossible  to  secure  cer- 
tain of  the  parasites  in  adequate  numbers  for  colonization  under  satis- 
factory conditions.  The  proportion  of  such  is  very  small,  it  is  true, 
but  at  the  same  time  it  may  easily  be  that  ultimate  success  or  failure 
95677'*— Bull.  91—11 20 
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may  depend  upon  the  establisliment,  not  of  the  most  important 
amont;  the  parasites  and  other  natural  enemies,  but  of  a  group  or 
sequence  of  si>e<*ies  wliich  will  work  together  harmoniously  toward 
the  common  end.  Viewe<l  in  this  light,  the  importance  of  parasites 
wliich  otherwise  might  be  considered  as  of  minor  interest  is  greatly 
enhanced. 

It  is  impracticable  to  tletermine  certain  facts  in  the  life  and  habits 
of  those  parasites  which  have  been  colonized  under  conditions 
believecl  but  not  known  to  be  satisfa<'tory.  Further  detailed  knowl- 
etlge  is  nei'essary  before  we  can  jutlge  whether  the  circumstances  sur- 
rounding colonization  were  in  truth  the  best  that  could  be  devised. 
Furthermore,  so  long  as  original  research  is  confined  to  the  study  of 
material  colle(*te<l  by  foreign  agents,  some  of  whom  are  technically 
untrained,  it  is  practically  impossible  to  secure  the  evidence  necessary 
to  refute  published  statements  concerning  the  importance  of  certain 
parasites  abroad  which  the  results  of  first-hand  investigations  have 
not  served  to  confirm.  It  is  believerl  that  these  statements  are 
largely  based  upon  false  premises,  but  rhould  tliis  belief  prove  un- 
grounded it  would  mean  that  there  are  important  parasites  abroad 
of  wliich  little  or  nothing  is  known  first-hand. 

A  determined  effort  was  made  in  1910  to  better  the  deficiencies  in 
the  foreign  service  without  going  to  the  lengths  of  adopting  a  radically 
changed  policy,  but  the  results  were  not  satisfactory.  Lack  of 
assurance  that  a  continuation  of  the  work  in  1911  along  similar  Unes 
would  bring  more  favorable  results  made  its  continuation  inadvisable. 
It  therefore  became  a  question  of  adopting  new  and  radically  different 
methods  in  so  far  as  the  foreign  service  was  concerned. 

In  favor  of  a  policy  of  inactivity  was  the  prospect  of  an  imme- 
diate reduction,  as  opposed  to  an  increase,  in  expenditures  should 
renewed  activity  be  decided  upon.  There  was  the  chance  that  the 
parasites  already  introduced  and  colonized  would  be  sufficient  to 
meet  the  demands  of  the  situation. 

On  the  other  hand,  the  vast  majority  of  defoliating  native  insects, 
which  rarely  or  never  become  so  abundant  as  to  be  considered  injuri- 
ous, prove  upon  investigation  to  support  a  parasitic  fauna  similar 
in  all  its  essential  characteristics  to  that  supported  by  the  gipsy 
moth  in  countries  where  it  is  similarly  a  pest  at  very  rare  intervals 
or  not  at  all. 

Parasitism  appears  to  be  unique  among  the  many  factors  of  con- 
trol, in  that  no  other  agency  similarly  increases  in  efficiency  in  direct 
proportion  as  the  efficiency  of  other  agencies,  such  as  climatic  con- 
ditions, miscellaneous  predatois,  etc.,  diminishes.  In  short,  the 
apparent  importance  of  parasitism  as  a  factor  in  the  natural  control 
of  defoliating  insects  has  been  decidedly  enlianced  as  a  result  of 
these  more  or  less  technical  and  intensive  studies.     It  can  be  said 
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le  utmost  assurance  that  if  a  sufficient  number  and  variety  of 
es  and  other  natural  enemies  of  the  gipsy  moth  wliich  act  in  a 
r  comparable  to  the  true  facultative  parasites,  as  above  de- 
,  can  be  introduced  into  America,  the  automatic  control  of 
sy  moth  will  be  permanently  effected. 

ng  the  past  four  years  the  '^wilf  disease  has  been  increasing 
liat  in  efficiency,  but  notwithstanding  that  it  is  and  has  been 
jnt  in  every  locality  in  wliich  the  gipsy  moth  has  been  allowed 
Base  unchecked,  the  gipsy  moth  still  continues  to  be  a  menace 
life  and  health  of  valuable  trees  which  have  been  protected 
this  time  at  a  considerable  cost.  In  parts  of  Russia,  where 
ic  control  is  obviously  inefficient,  control  through  disease  is 
ficient  to  keep  the  gipsy  moth  from  increasing  until  defoliation 
5  areas  results.  Similarly,  in  America,  the  destniction  of  very 
umbers  of  caterpillars  of  several  sorts  of  the  larger  Lepidoptera 
en  observed,  but  in  no  instance  until  after  the  caterpillars 
\d  had  increased  to  such  numbers  as  to  become  a  pest, 
ay  be  that  the  parasites  already  introduced  and  established, 
ly  to  become  established,  will  prove  to  be  sufficient  for  the 
Bs  intended.  Only  events  themselves  can  be  depended  upon 
ver  this  question,  and  from  five  to  six  years  must  pass  before 
5wer  is  known.  During  this  period  the  gipsy  moth  will  con- 
o  disperse  and  multiply,  and  large  expenditures  will  be  neces- 
prevent  much  more  rapid  dispersion  and  multiplication  than 
availed  in  the  past. 

jnditures  amounting  to  a  very  small  percentage  of  the  total 
ffice  to  carry  on  the  parasite  work.  If  the  parasites  already 
iced  are  sufficient  to  meet  the  needs  of  the  situation,  the 
iture  projected  will  have  been  needless  and  unnecessary.  If 
rasites  already  introduced  are  not  sufficient,  it  may  be  that 
ficiency  can  be  made  up  in  time  to  avoid  much  if  any  delay 
day  of  final  triumph. 

E  PRESENT  STATUS  OF  THE  INTRODUCED  PARASITES. 

PARASITES  OF  THE  GIPSY  MOTH. 
EGG    PARASITES. 

'US  BIFA8CIATUS  Fonsc. 

^ed  first  in  1908.     Colonized  unsuccessfully  in  1908  and  successfully  in  1909. 

overed  in  immediate  \'icinity  of  colony  in  1909.     Increased  notably  in  1910, 

cated  dispersion  is  only  about  250  feet  per  year.     Artificial  dispersion  neces- 

pparently  well  established. 

s  KUVANvE  How. 

red  first  in  1907,  dead,  and  in  3909,  li\dnp:.     Successfully  colonized  in  1909. 

?d  in  immediate  vicinity  of  colony  site  in  1909.     Doubtfully  recovered  in 

Establishment  very  doubtful  on  account  of  climatic  conditions. 
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HYMENOPTEROU8   PARASITES  OF   CATERPILLARS. 

ApANTELES  FULVIPE8  Hal. 

Received  first  in  1905,  dead,  and  in  1908,  living.  Colonized  imaatLsfactorily  in 
1908  and  under  exceptionally  favorable  conditions  in  1909.  Two  generations  recovered 
in  immediate  vicinity  of  colony  site  in  1909.  Not  recovered  in  1910  except  from 
recent  colony.    Edtablishment  doubtful  on  account  of  lack  of  proper  alternate  hosts. 

TACHINID   PARASITES. 

COMPSILURA  CONCINNATA  Meig. 

First  received  in  1906  and  colonized  same  year.    Colony  strengthened  in  1907. 
Recovered  doubtfully  in  1907  from  immediate  vicinity  of  a  colony  site.    Certainly 
recovered  and  found  to  be  generally  distributed  over  considerable  territory  in  1909. 
Marked  increase  in  1910.    Apparently  established. 
Carcelia  gnava  Meig. 

Doubtfully  colonized  in  1906.    Satisfactorily  colonized  in  1909.    Not  recovered 
from  field.     Establishment  hoped  for. 
Zyoobothria  oilva  Hartig. 

Doubtfully  colonized  in  1906.     Satisfactorily  colonized  in  1909.    Not  recovered 
from  field.     Establishment  hoped  for. 
Tachina  larvarum  L. 

First  received  in  1905  and  colonized  in  1906.    Much  more  satisfactorily  in  1909. 
Not  recovered.     Establishment  doubtful  on  account  of  hybridization  with  similar 
American  species. 
Tachina  japonica  Towns. 

First  received  and  poorly  colonized  in  1908.    A  better  colony  put  out  in  1910. 
Recovery  doubtful  on  same  account  as  above. 
Tricholyoa  orandis  Zett. 

Doubtfully  received  and   colonized  in   1906.    Satisfactorily  colonized   in  1909. 
Recovered  from  immediate  Wcinity  of  colony  site  in  1909.    Not  recovered  in  1910, 
but  establishment  hoped  for. 
Parasetioena  segreqata  Rond. 

First  received  in  1907  and  colonized  in  1910.    Not  recovered.    Establishment 
hoped  for  and  expected. 
Blepharipa  scutellata  R.  D. 

First  received  in  1905.     Colonized  under  very  unsatisfactory  conditions  in  1907. 
Satisfactory  colonization  for  first  time  in  1909.     Recovered  from  immediate  vicinity 
of  colony  site  in  1910.     Establishment  confidently  expected. 
Crossocosmia  spp. 

First  received  in  1908  and  colonized  in  1910  under  fairly  satisfactory  conditions. 
Not  recovered.     Establishment  rather  doubtful  on  account  of  unsatisfactory  colony. 

PARASITES    OF   THE    Pn>A. 

MONODONTOMERUS  .BREU8  Walk. 

First  received  in  1906.  Colonized  in  1906.  Recovered,  generally  distributed  over 
considerable  area,  in  winter  of  1908-9.  Firmly  established  and  dispersing  at  a  very 
rapid  rate. 

PiMPLA  spp.     (See  Parasites  of  the  brown-tail  moth.) 
Chalcis  obscurata  Walk. 

First  received  in  1908.  Colonized  in  1908  and  1909,  but  not  satisfactorily.  Estab- 
lishment doubtful  on  account  of  small  size  of  colony. 
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Chalcis  flavipes  Panz. 

First  received  in  1905.  Colonized  in  1908  and  1909  but  in  unaatiafactory  numbers. 
Recovered  from  immediate  vicinity  of  colony  site  in  1909.  Not  recovered  in  1910. 
Establishment  doubtful  on  account  of  small  colony. 

PREDACBOUS   BEETLES. 

Caosoma  sygophanta  L. 

First  received  in  1906.  Colonized  same  year.  Recovered  from  immediate  vicinity 
of  colony  site  in  1907.  Found  generally  distributed  over  limited  area  in  1909.  Firmly 
established  and  increasing  and  dispersing  rapidly. 

PARASITES  OF  THE  BROWN-TAIL  MOTH. 

PARASITES   OF   THE    EGO. 

Trichogramma  spp. 

First  received  in  1906.  Colonized  in  1907;  more  satisfactorily  in  1909.  Recovered 
from  immediate  vicinity  of  colony  site  in  1909.  Not  recovered  in  1910.  Establish- 
ment probable,  but  the  species  of  no  importance  as  a  parasite. 

TeLENOMUS  PHALiENARUM   NOOS. 

First  received  in  1906  and  colonized  satisfactorily  in  1907.  No  attempts  toward 
recovery  since  made.    Establishment  hoped  for.    Not  an  important  parasite. 

PARASITES   ATTACKING   HIBERNATING   CATERPILLARS. 
PtEROMALUS   EOREGIUS   FSrst. 

Received  first  in  1906.    Colonized  in  large  numbers  that  year  and  in  1907  but  much 
more  satisfactorily  in  1908.    Recovered  from  immediate  vicinity  of  colony  site  in  1909. 
Not  recovered  in  1910.    Found  to  be  generally  distributed  over  very  extended  terri- 
tory in  1911.'    Apparently  well  established. 
Apanteles  lacteicolor  Vier. 

Received  first  in  1906.    Colonized  in  1907.     Satisfactorily  colonized  in  1908.     Re- 
covered in  immediate  vicinity  of  colony  site  in  1909.    Generally  distributed  over 
considerable  area  in  1910.    Apparently  firmly  established. 
Meteorus  versicolor  Wesm. 

First  received  in  1906.  Colonized  satisfactorily  in  1908.  Recovered  in  immediate 
\icinity  of  colony  site  in  1909.  Generally  distributed  over  limited  area  in  1910. 
Apparently  firmly  established. 

ZygOBOTHRIA   NIDICOLA  ToWUS. 

First  received  in  1906.  Colonized  unsatisfactorily  only  in  1906-7,  but  notwith- 
standing was  recovered  in  1910  over  a  considerable  territory.  Apparently  firmly 
established. 

TACHINID  PARASITES  OF  LARGER  CATERPILLARS. 

CoMPSiLURA  coNCiNNATA  Moig.     (See  Gipsy-moth  Parasites.) 
Tachina  larvarum  L.    (See  Gipsy-moth  Parasites.) 
Dexodes  nioripes  Fall. 

First  received  in  1906  and  colonized  satisfactorily  in  1906  and  1907.  Still  more 
satisfactorily  colonized  in  1909.    Not  recovered.     Establishment  hoped  for. 

EUDOROMTIA  MAGNICORNIS  Zott. 

First  received  in  1906.  Colonized  in  about  the  same  numbers  as  Zygobothria  nidicola 
in  1906  and  1907.  Not  recovered.  Establishment  doubtful  on  account  of  small  size 
of  colonies. 


t  Winter  of  1910-11. 
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Pales  pavida  Meig. 

Status  same  as  that  of  Eudoromyia. 
Parexorista  chelonlb  Rood. 

Received  first  in  1906.  Colonized  very  unsatisfactorily  in  1907  and  satisfactorily  in 
1908.  Recovered  in  immediate  vicinity  of  colony  site  in  1908  and  in  larger  numbers 
in  1909.  Not  recovered  in  1910.  Establishment  very  doubtful  on  account  of  hybridi- 
zation with  American  race. 


PARASITES   OF  THE   PUPJE. 

PiMPLA  examinator  Fab. 

PiMPLA    INSTIGATOR    Fab. 

First  received  in  1906  and  colonized  in  1906  and  1907  unsatisfactorily.     Establish- 
ment doubtful.     Of  better  promise  as  parasites  on  account  of  great  similarity  to 
American  spe^-ies. 
Monodontomerus  jsreus  Walk.     (See  Gipsy -moth  Parasites.) 

The  gross  number  of  each  of  the  various  species  which  have  been 
colonized  since  the  beginning  of  the  work  up  to  and  including  the 
season  of  1910  is  given  in  the  accompanying  tabulated  statement: 
Hymenoptcrous  Parasiten.  Tachinid  Parasite.^ — Con. 


Schediiig  kuvanae  How.  . . . 

1,061,111 

Parasetigena   s e gregata 

^rteromalus  egregius 

Rond 

1,187 

F6rs»t 

354,300 

*  Crossocosmia        sericarix 

Anastatusbi/asciatusFoUBC, 

177, 210 

Corn 

699 

Trichogramma  npp 

76,000 

^  Pales  pavida  Meig 

476 

ApanteUs/ulvipes  Hal 

57,700 

Tachina  japonica  Towns .  . 

471 

ApanteUs  lacteicolor  Vier. 

44,  310 

^  Zenillia  libatrix  Panz 

161 

Monodontomerus     acreus 

2  Zygobothria    nidicola 

Walk.  ..             

15,  325 

Towns 

109 

Telenomus    phalaenarum 

Masicera  silvatica  Fa'l 

23 

Nees 

4,  650 

^  Eudoromyia   magnicomis 

MeUorxLS  versicolor  Wesm. 

3,113 

Zett 

5 

Pimpla  spp 

583 

' Unclassified  tachinids 

Chalets  8pp 

338 

(1906-07) 

9,420 

Predatory  beetles. 

] 

1,794,640 

68,343 

Tachinid  Parasites. 

Carcelia  gnava  Meig 

15,581 

Calosoma  sycophanta  L . . . 

17,742 

^  Tricholyga  grandis  Zett. . 

8,  721 

Carabus  auratus  L 

478 

'  Zygobothria  gilia  Ilartig. 

7,502 

Calosoma  inquisitor  L 

262 

2  Compsilura      concinnata 

Carabus  arvensis  Hbst 

108 

Meig 

6,777 

Carabus  nemoralis  MUll. . . 

100 

2  Dexodes  nigripes  Fall 

5,040 

Calosoma  reticulatum  Fab. 

83 

*  Blepharipa    scutellata 

5,109 

5,026 

Carabus  violaceus  L 

62 

R.D 

Parexorista che Ionise  Rond. 

18,835 

2  Tachina  larvarum  L 

2,036 

Total 

1,881,818 

»  Including  species  marked  («). 
»  Species  which  are  also  included 
»  Does  not  include  progeny  of  114, 
*  Including  also  C.  flavoscxUellata. 


under  **unclassifled  tachinids." 
,000  individuals  Uberated  In  1908. 
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THE  DEVELOPMENTS  OF  THE   YEAB  1910. 

At  the  beginning  of  the  year  1910  the  statement  was  made  that  if 
the  parasites  maintained  the  rate  of  progress  which  was  then  indi- 
cated by  the  results  of  the  recent  field  work,  the  year  1916  would  see 
the  triumphant  conclusion  of  the  experiment  and  the  automatic  con- 
trol of  the  gipsy  moth  through  parasitism.  This  prophecy  was  also 
dependent  upon  the  measurable  success  of  the  importation  work 
which  was  planned  for  1910. 

The  importations  of  1910  were  disappointing,  and  did  not  result  in 
the  colonization  of  the  few  parasites  which  have  not  yet  been  liberated 
in  America  under  satisfactory  conditions.  Neither  has  the  progress 
of  the  parasites  in  the  field  been  quite  as  satisfactory  as  was  hoped 
and  expected. 

The  failure  of  Schedius  to  demonstrate  as  clearly  as  might  be 
wished  its  ability  to  survive  the  winter  was  the  first  unfavorable 
development  in  1910.  Recovery  of  Apanteles  fulvipes^  while  not 
expected,  was  hoped  for,  and  although  its  nonrecovery  can  not  be 
considered  as  surely  indicative  of  its  inability  to  establish  itself  here 
it  is  none  the  less  disquieting.  Discovery  of  the  error  in  identity 
which  had  resulted  in  misapprehensions  concerning  the  status  of 
Tricholyga  grandi^  was  a  serious  blow  to  expectations  concerning  the 
future  of  this  species.  Most  serious  of  all  was  the  nonrecovery  of  the 
important  brown-tail  moth  parasite,  Parexorista  cJielonise,  which  was 
considered  to  be  thoroughly  well  established  at  the  close  of  the  sea- 
son of  1909.  Similarly,  the  failure  of  Monodotomerus  to  increase  in 
efficiency  to  the  extent  which  was  expected,  was  viewed  with  appre- 
hension, as  possibly  indicative  of  what  might  result  with  others  of 
the  imported  species. 

To  offset  these  several  and  various  reverses  was  the  unexpectedly 
satisfactory  increase  in  abundance  and  dispersion  of  Calosoma. 
Anastatus  did  better  than  was  expected  in  the  matter  of  increase  in 
numbers  and  in  effectiveness  and  slightly  better  in  dispersion.  Bleph- 
aripa  was  recovered,  when  recovery  was  not  expected  so  soon  follow- 
ing its  liberation,  and  Compsilura  was  considerably  more  abundant, 
and  promised  more  efficient  assistance  than  had  been  hoped  for. 
Among  the  brown-tail  moth  parasites,  Apanteles  gave  evidences 
of  a  more  rapid  increase  and  wider  dispersion  than  was  expected, 
and  Meteorus  was  also  unexpectedly  abundant  over  a  limited  area, 
and  later  showed  evidence  of  rapid  dispersion.  The  recovery  of 
Zygohothria  nidicola,  after  its  disappearance  for  two  or  three  years, 
was  the  most  satisfactory  and  unexpected  of  the  favorable  results  of 
the  season's  field  work  until  the  recovery  of  Pteromalus  in  the  fall 
and  during  the  winter.  Although  this  latter  is  not  an  important 
parasite,  its  nonestablishment  was   practically  conceded,  and   the 
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circumstances  surrounding  its  recovery  are  considered  to  be  highly 
gratifying  and  significant. 

It  is  by  no  means  easy  to  draw  a  balance  which  should  fairly 
represent  the  status  of  the  work  as  a  whole  in  1910  as  compared 
with  1909,  but  after  long  consideration  it  was  definitely  decided  that 
the  present  status  of  the  parasites  was  perhaps  less  favorable  to  ulti- 
mate success  than  was  the  apparent  status  of  the  work  one  year  before. 
Recognition  of  this  fact  had  much  to  do  with  the  formulation  of  the 
policy  for  the  continuation  of  the  work  in  1911.  It  is  hoped  that  by 
putting  forth  an  especial  effort  the  small  amount  of  lost  ground  may 
be  regained,  and  that  by  1912  it  will  be  possible  to  state  with  assurance 
that  the  progress  hoped  for  at  the  close  of  1909  has  been  more  than 
equaled,  and  that  the  chances  are  still  favorable  to  the  successful 
outcome  of  the  work  and  to  the  establishment  of  an  efficient  and  auto- 
matic control  of  the  gipsy  moth  by  the  year  1916. 

It  should  be  understood  that  the  manuscript  of  this  bulletin  was 
completed  in  the  first  week  in  January,  1911,  and  that  no  more 
recent  developments  of  the  situation  have  been  considered  in  it, 
except  for  an  incidental  mention  of  the  progress  of  Apanteles 
lacteicolor, 
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Ahmxas  grossulariata,  host  of  BUpharidea  vulgaris 91 

Compgilura  concinnata 89 

Abrostola  asclepiadis,  host  of  Zenillia  libatrix 90 

tripartita^  hoet  of  Carcelia  exdta 89 

triplasia,  hoet  of  Carcelia  excUa : 89 

Acer  (see  also  Maple). 

food  plant  of  gipsy  moth 124 

AchsttoneiarafernaldioiFoThuahsLiid  Fernald,  status 140 

frenchii,  parasite  of  gipsy  moth  in  America 140 

Acherontia  atropos^  host  of  Argyrophylax  atropivora 89 

Blepharipa  scutellata 88 

Acronycta  acerisy  hoet  of  Compsilvra  concinnata 89 

alni,  hoet  of  Compsilura  concinnata 89 

Exorista  affinis 89 

cuspiSy  hoet  of  Compsiltura  concinnata 89 

megacephala^  hoet  of  Compsilura  concinnata 89 

rumidSf  host  of  Compsilura  concinnata 89 

Tachina  larvarum 90 

Zenillia  fauna 92 

tridenSf  hoet  of  Compsilura  concinnata 89 

Pales  pavida 92 

Adopaea  lineota,  hoet  of  BUpharidea  vulgaris 91 

jEgerita  uebberi^  fimgns  affecting  Aleyrodes  dtri 46 

Agrotis  candelarum^  host  of  Dexodes  nigripes 88, 91 

glareosa,  host  of  Echinomyiafera 89 

prsscoXf  host  of  Tachina  larvarum 90 

sp.,  host  of  Evdoromyia  magnicomis 89, 92 

sligmaticaf  host  of  Pales  pavida 92 

xanthographa^  host  of  Pales  pavida 92 

Alctbama  argiUacea^  control  by  caging  and  permitting  parasites  to  escape 19 

Aleyrodes  citric  quest  for  parasites  abroad 45-46 

Alfalfa,  food  plant  of  Phytonxmus  murinus 46 

weevil .    (See  Phytorvomus  murinus . ) 

Amblyteles  varipeSj  parasite  of  gipsy  moth,  recorded  in  literature 85 

Ammoconia  caecimacula,  host  of  Parexorista  chelonise 92 

Anagrus  ovivoruSf  parasite  of  brown- tail  moth,  recorded  in  literature 87 

spp.,  parasite  of  Perhinsiella  sacchariddaj  introduction  into  Hawaiian 

Islands 35 

Anastatus  bifasciatus,  dispersion  from  colony  center 173-174 

gross  number  colonized 310 

host  of  Pachyneuron  gifuensis 183 

Tyndarichus  navse 183 
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Pa««. 
Ana^atiLS  btfasdatiu,  panudte  of  gipey  moth  in  Europe,  poeition  in '  *  sequence'  * . .      132 

Japan,  position  in  *' sequence '\       121 
introduction    into  United    States, 

habits 75,153,168-176,183 

status  in  United  States  in  1910 307 

superparasitized  by  Schedius  kuvanx 181-183 

slow  dispersion  as  justifying  the  small  colony 94 

sp.,  parasite  of  ApanUles  fulvipes 200 

AruUis  15'punctata^  enemy  of  gipsy  moth 252 

Anilastiis  tricoloripes.    (See  Lxmnerium  Iricoloripes.) 

Aniiocyrta  sp.,  parasite  of  gipsy  moth  in  America 138 

Anomalon  GciU,  parasite  of  brown-tail  moth  in  America 144, 147-149 

tent  caterpillar  (Malacosoma) 144 

Antherxa  Tnylittaf  host  of  Cro$9ocotmia  aericarise 88 

yamamtti  ($ee  aUo  Silkworm,  Japanese). 

host  of  Crossocotmia  sericarix 88 

ArUhonomui  grandis.    (See  Weevil,  cotton  boll.) 

of  apple,  control  by  caging  and  permitting  parasites  to  escape 19 

Anthrenui  variuSf  enemy  of  gipsy  moth 252 

tussock  moth  {Hemerocampa  leucostigma) 252 

Apantela  corUpersa,  comparison  with  ApanteUs  lacteicolor^  biological  differ- 
ences   285-286 

parasite   of   Japanese   brown-tail   moth   (Euproctis   con- 

spersa) 285-286 

difficilis,  parasite  of  brown-tail  moth,  recorded  in  literature 86 

fiskei,  host  of  Mesochorus  n.  sp 265 

parasite  of  Parorgyia  sp 265 

JtUvipeSf  gross  number  colonized 310 

how  many  individuals  constitute  a  good  colony? 96 

parasite  of  gipsy   moth,  importation  and    handling  of 

cocoons 165-166 

in  Europe 57 

position  in '  'sequence  " .      132 
Japan,  position  in  *  'sequence  " .      121 

Russia 80,124-125 

introduction  into  United  States, 

habits 193-202 

reared  at  laboratory, 85 

recorded  in  literature 85 

results  of  rearing  work  of  1910 142 

status  in  United  States  in  1910 . .      308 

perhaps  synonymous  with  ApanteUs  nemorum 193 

possibility  that  it  has  been  successfully  colonized  in  United 

States 277-278 

prey  of  Corymbites 252 

secondary  parasites 198-202 

liparidis  (see  also  ApanteUs  liparidis). 

parasite  of  gipsy  moth,  recorded  in  literature 85 

glomeratusy  parasite  of  common  cabbage  caterpillar  {PorUia  rapx)y 

first  observation  of  exit  of  larvse 16 

gipsy  moth,  recorded  in  literature 85 

Pontia  rapXy  introduction  into  United  States.       24 
hyphantrix,  host  of  Mesochorus  sp 26$ 
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Apanides  indtuusj  parasite  of  brown-tail  moth,  recorded  in  literature 86 

lacteicoloT^  comparison  with  ApanUles  conapersse,  biological  differ- 
ences   285-286 

gross  number  colonized 310 

host  of  Mesochorus  palHpe* 263, 266, 267, 289 

MonodorUomerus  sereus 249, 266, 267 

Fteromalus  egregius 266, 267, 275, 283-284 

parasite  of  brown-tail  moth,  hibernating  with  host 262-267 

in  Europe,  position  in  "se- 
quence"       136 

introduction   into   United 

States,  habits 278-285 

reared  at  laboratory 86 

status   in   United   States   in 

1910 309 

Datana 284 

Hyphantria 284 

liparidU  (BeesAeo  ApoTitelesfulvipei  liparidis). 

parasite  of  brown-tail  moth,  recorded  in  literature 86 

nemorum,  parasite  of  Lasiocampa  pint 193 

peTh&p8= ApanUles  fulvipes 193 

parasite  of  brown-tail  moth  in  Europe,   introduction  into  United 

States 70 

gipsy  moth  in  Europe,  intruduction  into  United  States. .        69 
Japan,  introduction  into  United  States.  47, 73, 74 

Russia 124-125 

Tufipes,  parasite  of  gipsy  moth 81 

solitariiLSf  parasite  of  brown-tail  moth,  recorded  in  literature 86 

gipsy  moth  in  Europe,  position  in  "sequence"      132 

Russia 79-82 

introduction   into   United   States, 

habits 189-190 

reared  at  laboratory 85 

recorded  in  literature 85 

melanosceluSf  parasite  of  gipsy  moth,  recorded  in  literature        85 
f  ocneriXy  parasite  of  gipsy  moth,  recorded  in  literatiu^..        85 

sp.  (delicatusf)y  host  of  elachertine 139 

parasite  of  gipsy  moth  in  America 138-139 

white-marked    tussock    moth    (Hemero- 

campa  Uucostigma) 138 

tentbrosuSf  parasite  of  gipsy  moth,  recorded  in  literature 85 

uUor^  parasite  of  brown-tail  moth,  recorded  in  literature 86 

vitripenrmj  parasite  of  brown-tail  moth,  recorded  in  literature.  86, 295-296 
ApedUhis  brassicanx,    (See  Pimpla  hrassicariae.) 
Aphelinus  malit  parasite  of  Lepidosaphes  ulmiy  transportation  from  one  part  of   ' 

country  to  another  part 20 

Apkiochssta  acalariSy  reared  from  dead  gipsy  moth  {Porthetria  dispar) 90 

setacea^  reared  from  dead  gipsy  moth  (Porthetria  dispar) 90 

Aphis,  hop.     (See  Hop  aphis.) 

spring  grain.    (See  Tozoptera  graminum.) 

Apopestes  spectrum^  host  of  Masicera  sylvatica 92 

Aporia  cratxgi,  host  of  Blepharidea  vulgaris 91 

on  apple  and  pear 133 
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Apple^  food  plant  of  Anthonomus 

Aporia  cratxgi 

brown-tail  moth 

tent  caterpillar  (Malacoeoma) 

wild  haw,  original  food  plant  of  Aspidiotus  pemicumis 

Araschinia  levanCj  hoet  of  Blepharidm  vulgaris 

Compsilura  condiinaia 

pTorm,  host  of  Bkpharidea  vulgaris 

Compsilura  concinnata 

Arbueier,  food  plant  of  brown-tail  moth 

Arbutus  sp.     {See  Arbusier.) 

Archips  rosaccana,  hoMt  of  Trichograrmrm  sp 

Arctia  auUca,  hoet  of  Echinomyiu /era 

Arclia  caja^  hoet  of  Carcclia  ezcisa 

Compsilura  concinnata 

Exorista  affink 

HUtochmta  marmorata 

Parexorista  chelonim 

Tachina  larvarum 

Tricholyga  grandis 

hehe^  hoet  of  Blepharidea  vulgaris 

Carcelia  excisa , 

Parexorista  chelonise 

quenselii,  hoet  of  Histochseta  Tnarmorata 

villica^  host  of  Carcelia  excisa 

Histochista  mamwrata 

Parexorista  chcloni^ 

Tachina  larvarum 

Argynnis  lathonia^  host  of  Blepharidea  vulgaris 

Argyrophylax  atropivora,  parasite  of  gipsy  moth,  recorded  in  literature. 

recorded  hoete 

Aritranis  ammnus^  parasite  of  gipsy  moth,  recorded  in  literature 

Arrhenotokous  hymenopterous  parasites,  chances  of  successful  establ 

in  a  new  country 

Arrhenotoky  in  Schedius  kuvanx 

Trichogramma 

Ascovietia  caliginosa,  host  of  Dexodes  nigripes 

Asecodes,  paraaite  of  Apanteles  fulvipes 

Asphondylia  lupinij  control  by  caging  and  permitting  parasite?  to  escaj: 
Aspidiotus  pemiciosus^  prey  of  Chilocorus  simills,  attempted  control  b 

duction  of  enemy 

Astomaspis  fulvipes  {GTVkV.)=Astomaspis  nanus  (Grav.) 

parasite  of  gipsy  moth,  recorded  in  literature 

nanus  (Grav.),  Astomaspis  fulvipes  (Grav,)  a  synonym 

Attacus  cynthia^  host  of  Compsilura  concinnata 

Pales  pavida .- . . , 

lunula,  host  of  Pales  pavida 

Axle  grease  as  protective  barrier  against  gipsy  moth 

Bagworm .     ( See  Thyridoptcryx  ephem^r^eformis . ) 

Banana,  food  plant  of  Omiodes  blackbumi 

Barkbeetles,  prey  of  Thanasimus  formicarius 

Beetles,  predaceous,  enemies  of  gipsy  moth 

Biological  characters  for  separating  species  indistinguishable  morpholog 

*>* 


I 


.1^ 


Digitized  by 


Google 


INDEX.  317 

Page. 

Birds  and  other  predators  in  control  of  insects . .  107-106 

enemies  of  cankerworms 113 

gipsy  moth 113 

B2fp^^arui^  imZ^pom,  parasite  of  brown-tail  moth  in   Europe,   position  in   ''se- 
quence"        136 

introduction      into      United 

States 304 

reared  at  laboratory 91 

recorded  hosts 91 

Blepharipa  scutdlata,  difficulty  in  hibwnating  puparia 158-159 

gross  number  colonized 310 

parasite  of  gipsy  moth  in  Europe,  poHition  in  "sequence  " .       132 

Russia 127 

introduction    into    United    States, 

habits 213-218 

reared  at  laboratory 88 

results  of  rearin«j  work  in  1910. . .    141, 142 

status  in  United  States  in  3910 308 

recorded  hosts 88 

Boarmia  UcricUxria,  host  of  Blepharidea  vulgaris 91 

Boll  weevil.     (See  Weevil,  cotton  boll.) 

Bmnbus  pennsylvanicuSy  introduction  into  Philippine  Island? 45 

Breeding  cage.    {See  Cage.) 

Brephos  nothum,  host  of  Zenillia  libatrix 90 

Brotolomia  meticulosa,  host  of  Blepharidea  vulgaris 91 

Brown-tail  moth  and  gipsy  moth  parasites.    {See  Parasites  of  gipsy  and  brown- 
tail  moths.) 
caterpillars,  full-fed    and    pupating,   importation    and   han- 
dling    162-164 

immature,  importation  and  handling. 161-162 

dipterous  parasites 91-93 

egg  masses,  importation  and  handling. 160-161 

foreign  tachinid  parasites 91 

fungous  disease 135,  270,  291 

hibernation  nests,  importation  and  handling 161 

hymenopterous  parasites 86-87 

in  Europe 132-135 

native  tachinids  reared  therefrom 93 

natural  control  by  disease 97-102 

parasites  hibernating  in  webs 261-295 

possible  interrelations 267 

in  Europe 132-135 

"sequence" 135, 136 

of  eggs,  introduction,  into  United  States,  habits..  256-261 
hibernating  caterpillara,  introduction  into  United 

States,  habits 268-295 

larger    caterpillars,     introduction    into    United 

States,  habits 295-304 

pupae,  introduction  into  United  States,  habits..  304-305 

parasitism  in  America 143-151 

pupae,  importation  and  handling 164-165 

rash  at  gipsy-moth  parasite  laboratory  and  elsewhere 65-67, 

162-164,279 
recorded  hosts  of  foreign  tachinids  reared  therefrom  at  labora- 
tory   01-92 
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Brown-tail  moth,  recorded  hoets  of  foreign  tachinids  recorded  as  parasitic 

thereon 92 

tachinid  paranitee 296-304 

Bumblebee.     (See  Bombus.) 

Bupalus  piniariuSj  hoet  of  Carcelia  excisa 89 

Dexodes  nigripes. , 88, 91 

Cabbage  worm,  imported.     (See  Pieris  rapx  and  Pontia  rapx.) 

Cage  for  rearing  parasites  from  brown-tail  moth  webs 269 

tachinid  parasites  of  the  brown-tail  moth 150-151 

Cages  for  colonization  of  Anastatus  hifasdatus 174 

tachinid  flies. .,: 204-207 

Calliephialtes  messor,  parasite  of  codling  moth,  introduction  into  California 38-39 

Callimorpha  dominuh,  host  of  Carcelia  excisa 89 

Callineda  testwdinaria,   enemy  of  PerhinskUa  saccharicida^   introduction  into 

Hawaiian  Islands 35 

Caloeoma  and  other  predaceous  beetles,  importation  and  handling 167 

dLseane  of  ^ipsy  moth  as  obstacle  to  establishment 99 

enemy  of  gipsy  moth  in  Russia 80-81 

inquisitor^  enemy  of  gipsy  moth,  early  ideas  on  introduction 48 

introduction  into  United  States  59, 62, 254 

gross  number  colonized 310 

native  species,  status  as  enemies  of  gipsy  moth 48 

reticulatum,  gross  number  colonized 310 

slow  dispersion  as  justifying  small  colony 94 

sycophanta^  enemy  of  gipsy  moth,  early  ideas  on  introduction 48 

flrst  practical  handling 18 

in  Europe,  position  in  "sequence" 

of  parasites 132 

introduction   into  United   States, 

habits 59,62,253-255 

status  in  United  States  in  1910. ...      309 

gross  number  colonized 310 

respect  in  which  similar  to  Blepharipa  scutellata  in  rela- 
tion to  gipsy  moth 218 

Calymnia  trapezina,  hoet  of  Blepharidea  vulgaris 91 

Camel  (see  also  Dromedary). 

host  of  Rhipicephalus  sanguineus 42 

Campoplex  conicuSj  parasite  of  brown-tail  moth,  recorded  in  literature 86 

gipsy  moth,  recorded  in  literature 85 

difformis .     ( See  Omorgius  difformis . ) 

Cankerworms,  prey  of  birds 113 

Carabus  arvensis^  gross  number  colonized 310 

auratuSy  enemy  of  earwigs,  practical  handling 18 

gross  number  colonized 310 

nemoralis^  gross  number  colonized 310 

xnolaceus^  gross  number  colonized . 310 

Carcelia  excisa^  parasite  of  gipsy  moth,  recorded  in  literatiu^ 88 

recorded  hosts 89 

gnava^  gross  number  colonized 310 

parasite  of  gipsy  moth  in  Europe,  position  in  "sequence  " 132 

introduction  into  United  States 231-232 

reared  at  laboratory 88 

status  in  United  States  in  1910 308 

recorded  hosts 88 
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via  tenuiventris,  parasite  of  gipsy  moth,  recorded  in  literature 85 

la/raxini,  host  of  Tadrina  larvarum S9 

promistaf  host  of  Compnlura  condnnata S9 

is  capUata^  quest  for  natural  enemies 39 

Mtes  eirripedi/ormis,  host  of  ScuUllista  cyanea 31 

floridensis,  host  of  ScuUllista  cyanea 31 

rubens,  introduction  of  parasites  and  enemies  into  Ilawaii 35 

nuci,  host  of  ScuUllista  cyanea 31 

d  flies,  parasites  of  gipsy  moth  in  Russia 81 

did,  small,  parasite  of  Compsilura  condnnata 224 

8  callipuSf  parasite  of  gipsy  moth  in  Japan 240 

recorded  in  literature S6 

compsilurx^  parasite  issuing  from  brown-tail  moth  cocoons 145 

of  Compsilura  condnnata 240 

fiskdy  an  undesirable  foreign  hyperparasite 202 

parasite  of  Crossocosmia  sericanx  and  Tachina  japonica lMO 

flavipes,  parasite  of  gipsy  moth  in  Europe,  position  in  "sequence  " . . . .  I;i2  - 

introduction  into  United  States,  habits  240-245 

reared  at  laboratory 86 

status  in  United  States  in  1910 309 

white-marked  tussock  moth  (Hemerocampa  leucos- 

tigma) 241-244 

fonseoloTnbdf  parasite  of  s^rcophagids  associated  with  gipsy  moth 241 

minuta^  parasite  of  sarcophagids  associated  with  gipsy  moth 241 

obscuratay  parasite  of  gipsy  moth  in  Japan,  position  in  *' sequence  " 121 

introduction     into     United     States, 

habits 240-245 

reared  at  laboratory 86 

status  in  United  States  in  1910 308 

Omiodes  blacklmmif  introduction  into  Hawaiian 

Islands 35 

white-marked  tussock  moth  (Hemerocampa  leucos- 

tigma) 241-244 

ovaiay  not  yet  reared  as  parasite  of  gipsy  moth 240 

paraplesiay  parasite  of  sarcophagids  associated  with  gipsy  moth 24 1 

parasite  of  Compsilura  condnnata 224 

parasites  of  brown-tail  moth  in  America,  results  of  rearing  work  in  1910 .  147-14 9 

sdrropoda,  parasite  of  brown-tail  moth,  recorded  in  literature 87 

spp.,  gross  number  colonized 310 

(T,  food  plant  of  tent  caterpillar  (Malacosoma) 98, 104 

wild,  food  plant  of  tent  caterpillar  (Malacosoma) 105 

orus  bivulnerus,  enemy  of  Diaspis  pentagona^  introduction  into  Italy. . . .  44-^5 
similis  (see  also  Ladybird,  Chinese). 

enemy  of  Aspidiotus  pemidosuSy  introduction  into  United 

States : 37^8 

xfemoratay  host  of  Parexorista  chelonix 92 

kumeraliSy  host  of  Compsilura  condnnata 89 

formicarius.    (See  Thanasimv^formicarius.) 
:ampa  (see  also  Malacosoma  and  Tent  caterpillar). 

host  of  Limnerium  disiocampx 192 

',  red,  fertilization  by  Bombu^  pennsylvanicus 45 

Ml  cali/omica,  transportation  from  one  part  of  country  to  another  part  in 

control  of  plant-lice  (Aphididae) 22-23 
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Coexinella  repanda,  enemy  of  plant-lice  (A  phididae)  on  Bugar  cane  and  othei 

introduction  into  Hawaiian  Islanda 

undeeimpunciataf  enemy  of  plant-lice  (Aphididse),  introducttc 

New  Zealand 

Coccinellid  enemy  of  mealy  bugs  (Pseudococcus),  introduction  into  1 

States 

CochyliB  of  grapevine,  control  by  caging  and  permitting  parasites  to  esci 
Codling  moth  {Carpocapsa  pomoneUa)^  hoet  of  Calliephialtei  meuoTy  atte 

control  by  introduction  of  parasites 

Coffee,  food  plant  of  Pulvincaria  ptidii 

Comptilura  concinnata^  characters  of  larva 

^  gross  number  colonized 

^  ^  host  of  Chalcis  compsilurse 

Moriodontomerus  sereus 

parasite  of  brown-tail  moth,  hibernating    in    wc 

,  latter 

in  Europe,  position  : 

queuce'* 

,  introduction    into    1 

.     .-  States 

,        . ,         reared  at  laboratory. 

recorded  in  literatur 

^f,,        results  of  rearing  w 

1910 

status  in  United  St 

1910 

fall  web  worm  (Hyphantria) 

gipsy  moth  in    Europe,     position    in 

quence" " 

introduction  into  United 

habits 

reared  at  laboratory 

recorded  in  literature 

relative    abundance    in 

chusetts  and  Russia 

results  of  rearing  work  of 
status  in  United  States  in 

Pontia  rapse 

tussock  moth  (Hettwrocampa  leucostiff 

recorded  hosts 

similarity  to  Dexodes  nigripes 

"Compsilura-like  "  parasite  of  gipsy  moth 

Conotradielus  nenuphar.     (See  Curculio,  plum.) 

Contarinia  tritici^  attempt  at  control  by  introduction  of  parasites  from  E 
burning  debris  in  control  may  result  in  destroying  bei 

parasites 

Corymbitea,  enemy  of  Apanteles  fulmpes 

gipsy  moth 

Cosmotriche  potatoria,  host  of  Bkpharidea  vulgaris 

Tachina  larvarum 

noctuarum 

Cossus  co8»u8,  host  of  Zenillia  fauna , 

Cotton  boll  weevil.     (See  Weevil,  cotton  boU.) 
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Cotton  caterpillar.     ( See  -4 labama  argillacea . ) 

food  plant  of  Hemichionaspis  minor 45 

wool  as  protective  barrier  against  gipsy  moth 124 

Cnmiophora  ligustri^  host  of  Compsilura  concinnata 89 

Crataegus,  food  plant  of  brown-tail  moth 134 

gipsy  moth 82 

scrubs  containing  nests  of  brown-tail  moth 133 

Crouocoamiajlavoscutelhta  (f ),  parasite  of  gipsy  moth,  introduction  into  United 

States 234-^235 

in   Europe,    position    in 

'^sequence" 132 

sericanse  and  Crossocosmia  flavoscutellata,  gross  number  colonized . .  310 

habits  as  compared  with  Blepharipa  scutellata , 214 

host  of  Chalcis  fiskei 240 

parasite  of  gipsy  moth  and  of  Japanese  silkworm,   intro- 
duction    into     United     States, 

habits 232-234 

in  Japan,  position  in  "sequence".  121 

reared  at  laboratory 88 

recorded  hosts 88 

spp.,  parasites  of  gipsy  moth,  status  in  United  States  in  1910 308 

Cryptognatha  flavescens,  enemy  of  Aleyrodes  citri,  attempted  introduction  into 

United  States 46 

Cryptolasmus  montrottzierij  enemy  of  mealy   bugs   (Pseudococcus)   and    Puhi- 

naria  psidiiy   introduction   into  United 

States  and  Hawaiian  Islands 34-35 

Pseudococcus,     attempted     introduction 

into  Spain 35 

Cryptus  amosnits,    (See  Aritranis  amaniLS.) 
atripu.     (See  Jdiolispa  atripes.) 

Ofanator,  parasite  of  gipsy  moth,  recordeu  in  literature. 85 

moschator,  parasite  of  brown- tail  moth,  recorded  in  literature 86 

CuculUa  anthemidis,  host  of  Blepharidea  vulgaris 91 

cartemisix,  host  of  Ernestia  consobrina 89 

asterisj  host  of  Blepharidea  vulgaris 91 

Dcscodes  nigripes 88,  91 

laducse,  host  of  Compsilura  concinnata 89 

prenanthis,  host  of  Tachina  larvarum 90 

tcrophul^riitf  host  of  Carcelia  €J:cisa , 89 

verbasdj  host  of  Blepharidea  vulgaris 91 

Compsilura  concinnata, 89 

Histochseta  inarmoraia, 89 

Masicera  sylvatica 92 

Curculio,  plimi  {Conotradhelus  nenupJmr),  host  oiSigalphus  curculi^nis,  artificial 

control  by  transportation  of  its  parasite  suggested 20 

Cydotopkrya  anser,  parasite  of  brown-tail  moth,  habits 304 

in    Europe,    position    in    "se- 
quence"   136 

reared  at  laboratory 91 

DacuB,  introduction  of  parasites  into  western  Australia 39 

olesR  {see  also  Olive  fly). 

control  by  caging  and  permitting  parasites  to  escape. 19 

Dasychirafiucellinaj  host  of  Tachina  larvarum 90 
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Dasychira  ptudihundaf  hort  of  Carcelia  excita 89 

Compmlwra  condnnata 89 

*' •  ZenUlia  libatrix 90 

iMftSA,  ho0t  of  Apanteles  lacUicolor 284 

Amkpkila  mijihorbm,  hoet  of  Dexodea  nigripes 88, 91 

Masicera  sylvaHca 92 

Tathina  larvarum 90 

•  poUn,  hoBt  of  Masicera  gylratica 92 

Tackina  larvarum 90 

vespertilio,  host  of  Masicera  sylvatica 92 

Dendroctonus  frontalis,  attempted  control  by  introduction  of  Thanasimus  formi- 

cariits  from  Gemiany 36 

Dendrolimus  pini,  host  of  Blepharidea  vulgaris 91 

Phryxe  erythrostoma 89 

Tadnna  larvarum 90 

Dermestid  beetles,  enemies  of  gipsy  moth 251-255 

Dexodes  nigripes,  gross  number  cobnized 310 

parasite   of   brown-tail   moth    in  Europe,   position  in  ''se- 
quence*'       136 

introduction  into  United  States, 

habits 29^297 

reared  at  laboratory 91 

status  in  United  States  in  1910. . .      309 
gipsy  moth  in  Europe,  position  in  ** sequence  "  —      132 

introduction  into  United  States 220 

rarely  associated  with  that  host 235 

reared  at  laboratory 88 

recorded  hosts 88,91 

Diaspis  pentagona,  host  of  ProspalUlla  herlesei,  control  by  introduction  of  para- 
site into  Italy 44 

prey  of  Chilocorus  hivulnerus  and  Microweisea  misella,  control 

by  introduction  of  enemies  into  Italy 44-45 

work  with  parasites 38 

Dibrackys  houcheanus,  parasite  of  introduced  Tachinidse 213 

secondary  parasite  of  brown-tail  moth,  recorded  in  liter- 
ature        87 

gipsy  moth,  recorded  in  literature.       86 

host  relations 200 

paraaite  of  Apanteles  fulvipes 199, 200 

Compsilura  ccmcinnata 224 

IHglochis  omnivora,  parasite  of  brown-tail  moth  in  America 144, 147-149 

Europe 305 

position      in      **  se- 
quence '* 136 

reared  at  laboratory 87 

gipsy  moth  in  America 138 

Dilina  tilim,  host  of  Compsilura  condnnata 89 

Masicera  sylvaHca 92 

Dilobia  c^ruleocephala,  host  of  Compsilura  condnnata 89 

Dimmockia,  parasite  of  Apanteles  fulvipes 199 

Dipterygia  scabriusciUa^  host  of  Compnlura  condnnata 89 

Disease  as  factor  in  control  of  gipsy  moth  and  brown-tail  moth 97-102 

▼^  -      "   -'  inRussia 125 

insects 108,114 
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Disease  as  factor  in  control  of  "  pine  tussock  moth  " 101, 10^104 

tent  caterpillar  (Malacoeoma) 98, 101, 105 

white-marked  tussock  moth  (Hemerocampa  leu- 

oostigma) 100-101 

Dog,  host  of  RkipicephaliLS  sangmneiu 42 

texaniu 41 

Dromedary  (see  alio  Camel). 

trypanoeome  disease  transmitted  by  tabanid  flies 45 

Drymonia  duumia^  host  of  Compgilura  coneinnata 89 

Earwigs  (Forficulidse),  prey  of  Carahus  ataratus,  artificial  control  by  means  of 

its  enemy 18 

Staphylinus  olens,  artificial  control  by  means  of 

its  enemy 18 

Edmumyia/era,  parasite  of  gipsy  moth,  recorded  in  literature 88 

recorded  hosts. . .  ^ 89 

prxceps,  parasite  of  brown-tail  moth,  recorded  in  literature 91 

recorded  hosts 92 

Ecthroddphax  fairchildiif  parasite  of  Perhinsiella  saccharidda,  introduction  into 

Hawaiian  Islands 35 

Elachertine  parasite  of  Apanteles  sp.  {delicatus  f) 139 

Elasmus,  parasite  of  Apanteles  ftUvipes 199 

Elm  (see  also  Ulmus). 

food  plant  of  gipsy  moth 81 

leaf-beetle  (Oalerucella  luteola)^  host  of  Tetrastichus  xanthomeliense 62-63 

work  with  egg-parasite,   Tetrastichus  xan- 

thomelsmas 39-41 

Bmphytus  cingillumy  host  of  Pales  pavida 92 

Endromis  verstcolorttf  host  of  Carcelia  excisa 89 

Entedon  albitarsiSf  parasite  of  Pteromalus  egregms 263,  266,  267, 269 

epigontts,  parasite  of  Mayetiola  destructor ^  introduction  into  United 

States 30 

Bphyra  linearia^  host  of  Blepharidea  vulgaris 91 

Epicampocera  crassiseta^  parasite  of  gipsy  moth,  recorded  in  literature 88 

recorded  hosts 89 

Epineuronia  cespitisj  host  of  Blepharidea  vulgaris 91 

Epiurus  inquisitoriella.    (See  Pimpla  inquisitoriella.) 

Erastria  scitulaj  parasite  of  black  scale  (Saissetia  oless)^  introduction  into  United 

States 34 

Eriogasler  catex,  host  of  Pales  pavida 92 

Emestia  consobrina,  parasite  of  gipsy  moth,  recorded  in  literature 88 

recorded  hosts 89 

Erydaferrvjgineay  parasite  of  brown-tail  moth,  recorded  in  literature 91 

recorded  hosts 92 

EvuMoe  cardamineSy  host  of  Blepharidea  vulgaris 91 

Eudoromyia  magnicomiSf  gross  number  colonized 309 

parasite  of  brown-tail  moth  in    Europe,    position    in 

"sequence"... 136 

introduction  into  United 

States,  habits 303-304 

reared  at  laboratory 91 

recorded  in  literature  ...         88 
status  in  United  States  in 

1910 309 

recorded  hosts 89,92 
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Eulophid  parasite  of  ApanUles  fulvipes 200 

Pteromalui  egregiui 202 

Eupelmtu  h\fa9ciatu8,  parasite  of  gipsy  moth,  reared  at  laboratory 86 

recorded  in  literature 86 

parasite  of  ApanUles  fulvipes 200 

Euphorocera  claripenniSy  parasite  of  brown-tail  moth  in  America 93, 145 

Euphonis,  parasite  of  ladybird  adults 30 

Euplexia  lucipara,  host  of  Blepharidea  vulgaris 91 

Euproctis  chrysorrhcea,    {See  Brown-tail  moth.) 

conspena^  host  of  ApanUUs  conspersx 285-286 

parasites  in  Japan 133 

Eurrhypara  urticXf  host  of  Dexodes  nigripes 88, 91 

Eurytoma  dbrotani  Panzer =J?uryto7iia  appendigasUr  Swed 86 

parasite  of  gipsy  moth,  recorded  in  literature 86 

appendigasUr  Swed.,  Eurytoma  abrotax^i  Panzer  a  synonym 86 

Exorista  affinis,  parasite  of  gipsy  moth,  recorded  in  literature 88 

recorded  hosts 89 

blanda,  parasite  of  gipsy  moth  in  America 90, 140, 142 

boarmiXf  parasite  of  brown-tail  moth  in  America 93, 145, 147-149 

cheloniss.    (See  Parexorista  chelonix.) 

femaldij  parasite  of  gipsy  moth  in  America 90 

pysUf  parasite  of  gipsy  moth  in  America 90 

two  undetermined  species,  parasites  of  gipsy  moth  in  America 141 

Facultative  factors  in  control  of  insects 107 

"Flacherie,"  so-called,  of  gipsy  moth 97-102 

Fruit  fly.     (See  Ceratitis  capitata.) 

parasites,  Froggatt's  journey  for  investigating  their  utility 42-44 

Fungous  disease  of  Aleyrodes  citri 46 

brown-tail  moth 135, 270, 291 

Funnel,  integumental,  of  larva  of  Pales  pavida 301-302 

Tachina  etal 140 

tracheal,  of  larva  of  Blepharipa  scutellata 214-216 

Gastropacha  quercifolia,  host  of  Masicera  sylvatica 92 

Tachina  larvarum 90 

Gawrax  anchorat  reared  from  dead  gipsy  moth  (Porthetria  dispar) 90 

Gipsy  moth,  additional  control  necessary  to  check  increase  in  America 114-117 

and  brown-tail  moth  parasites.    (See  Parasites  of  gipsy  and  brown- 
tail  moths.) 

caterpillars,  first-stage,  importation  and  handling 153 

full-fed  and  pupating,  importation  and  handling. .  156-159 

second  to  fifth  stages,  importation  and  handling 154-156 

conditions  favoring  rapid  increase 112-113 

dipterous  parasites 87-90 

egg  masses,  importation  and  handling 152-153 

extent  of  control  by  parasitism  abroad 117-131 

hymenopterous  parasites 85-86 

mortality  required  to  offset  potential  increase 112 

native  Diptera  reared  therefrom 90 

natural  control  by  disease 97-102 

parasites  in  Europe,  "sequence " 131 

Japan,  "sequence  " 121 

of  eggs 168-188 

larvae 188-202 

pupae 23^256 
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moth,  parasitism  in  America .   136-143 

Japan 120-123 

Russia 123-129 

Southern  France 12^131 

pupse,  importation  and  handling 159-160 

rate  of  increase  in  New  England 109-114 

recorded  hosts  of  foreign  tachinids  reared  therefrom  at  laboratory.        88 

recorded  as  parasitic  thereon..  89-90 

tachinid  parasites 202-236 

rctena  rufipes,  host  of  Histochseta  marmorata 89 

ivine  Cochylis.    (See  Cochylis.) 

aoppers,  hosts  of  sarcophagids 250 

m  bug."    (See  Toxoptera  graminum.) 

\hracon  brevicomis,  hibernating  in  brown-tail  moth  nests 61, 269-270 

xa  adustaj  host  of  Eudoromyia  magnicomis 89, 92 

secaliSj  host  of  Parexorista  chelonix 92 

iphysalis  leporis-palu^triSj  host  of  Ixodiphagtu  texanus 41 

parasite  of  cotton-tail  rabbit 41 

itohia  serrata,  quest  of  parasites  for  introduction  into  Hawaiian  Islands. . .        36 
>gonatopvs  HHensii,  parasite  of  PerHnsiella  saccharicida^  introduction  into 

^ian  Islands 35 

horn  containing  nests  of  brown-tail  moth 133 

Ihis  obsoleta^  host  of  TYichogramma  pretiosa 45 

scutosa^  host  of  Dexodes  nigripes 88, 91 

risfudformiSf  host  of  Echinomyia  prxceps 92 

rocampa  leueostigma.    (See  Tussock  moth,  white-marked.) 

^hionaspis  minor  on  cotton,  importation  of  Prospaltella  berlesei  for  control. .        45 

teles  hicoloritis,  parasite  of  gipsy  moth,  recorded  in  literature 85 

fulvipes.    (See  Astomaspisfulvipes.) 

socialist  parasite  of  brown-tail  moth,  recorded  in  lijterature 87 

spp.,  parasites  of  A panteles  fulvipes 199, 200 

utiliSy  parasite  of  Limnen'um  sp.  (fugitiva?) 138 

an  ^y  (Mayetiola  destructor) fhuming  stubble  in  control  may  result  in 

destroying  beneficial  parasites 19 

host  of  Entedon  epigonus,  attempted  control 

by  introduction  of  parasite 30 

Polygnotus  hiemaliSt  control  by  trans- 
portation of  parasite 21 

xx^mpa,  control  by  starvation 103 

studies  in  parasitism 103 

odamia  convergens^  enemy  of  plant-lice,  transportation  from  one  part  of 

ntry  to  another  part 22-23 

chxta  marmorata  J  parasite  of  gipsy  moth,  recorded  in  literature 88 

recorded  hosts 89 

dotylus,  parasite  of  ladybird  larvse 30 

iphis,  prey  of  common  English  ladybird,  artificial  control  by  means  of  its 

imy  suggested 17 

fly.    (See  nsematobia  serrata.) 

i  chestnut,  food  plant  of  Hemerocampa  leueostigma 101 

host  of  Rhipicephalus  texanus 42 

relations  of  hyperparasites 201-202 

tachinid  parasites 203-204 

erellus  hookeri  parasite  of  Rhipicephalus  sanguineus 41-42 

iexanuSy  introductions  into  Africa .  41-42 
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Hunterellus  hooheri^  question  as  to  original  home 42 

Hyhemia  de/oliaria^  host  of  BUpharidea  vulgaris 91 

sp. ,  host  of  Decodes  nigripes 88-91 

Hybridization  between  Tachina  mella  and  Tachina  larvctrumf  poflaibility  thereof.      227 

Hydrocyanic-acid  gas  against  fluted  scale 24 

Hyloicus  ptjuxstrif  host  of  Blepharidea  vulgaris 91 

Carcelia  exdsa 89 

Compsilura  concinnata 89 

Phryxe  eryihrosioma 89 

Hylophila  prasinanay  host  of  Blepharidea  vulgaris 91 

Hyraenopterous  parasite  cocoons,  importation  and  handling 165-166 

Hyperparaeites,  host  relations 201-202 

Hyphantria  (see  also  Web  worm,  fall). 

host  of  Apanteles  lacteicolor 284 

Hypopteromalus,  parasite  of  A panteles  fnlvipes 199, 200 

Icerya  aegyptiaca,  prey  of  Novius  cardinalis 28-29 

purchasi,  introduction  into  Florida 28 

prey  of  Novius  cardinalis ^  in  Cape  Colony 28 

Formosa 29 

Hawaiian  Islands 29 

Italy 29 

New  Zealand 27 

Portugal 27-28 

Syria 29 

United  States 24-27 

Ichneumon  disparis^  parasite  of  brown-tail  moth,  recorded  in  literature 86 

gipsy  moth  in  Europe. 239 

position  in  "sequence  ". .      132 

reared  at  laboratory 85 

recorded  in  literature 85 

fly,  parasite  of  Ceratitis  capitata,  introduction  into  western  Australia.       39 

pictus,  parasite  of  gipsy  moth,  recorded  in  literature 85 

scutellator,  parasite  of  brown-tail  moth,  recorded  in  literature 86 

Idiolispa  atripes,  parasite  of  brown-tail  moth,  recorded  in  literature 86 

Insects,  control  by  birds  and  other  predators 107-108 

disease 108, 114 

parasitism 105-109 

starvation 114 

weather  conditions 107 

native,  studies  in  parasitism 102-105 

species  differing  in  biological  characters  only 225-226, 257, 285-286 

the  three  groups  of  factors  in  natural  control 114 

liopleciis  conquisitor.     (See  Fimpla  conquisitor.) 

Izodiphagits  Uxanus,  parasite  of  llstmaphysali^  kporis-palustris 41 

Kincaid,  Trevor,  Russian  observations  on  gipsy  and  brown-tail  moths. .  78-82, 124-125 
Ladybird,  Asiatic.     (See  Ladybird,  Chinese,  and  Chilocorus  similis.) 
Australian.     (See  Novius  cardinalis.) 
Chinese  (see  also  Chilocorus  similis). 

attacked  by  American  ladybird  parasites 30 

common  English,  enemy  of  hop  aphis,  practical  handling  suggested. .       17 

Ladybirds,  parasites 30 

Lampyrid  beetles,  enemies  of  gipsy  moth 252-253 

Larentia  autumnalis,  host  of  Zenillia  libatrix 90 


Digitized  by 


Google 


ii^EX.  327 

Page. 

"Larvipoeitor  "  of  ComptUura  concinnata : *-•...  219 

Latiocampa  pint,  host  of  Apanteles  nemorum 193 

quercus,  host  of  Masicera  sylvatica 92 

Taddna  larvarum 90 

Leaf  cnimpler,  rascal.    (See  Mineola  indiginella.) 

wonn,  cotton.    {See  Alabama  argillacea.)  ^'  •    '  • 

Lemon,  food  plant  of  Icerya  purduui 24 

Upidosaphes  beckii,  enemy  of  orange 28 

gloveri,  enemy  of  orange 28 

ulmi,  hoet  of  Aphelinus  malty  control  by  transportation  of  iti*  para- 
sites   20 

Lestophonus  iceryx,  parasite  of  Icerya  pvrchasiy  introduction  into  United  States. .  25 

Lettuce,  food  of  brown-tail  moth  larvse 280. 281 

Leueania  albipunetaj  host  of  Blepharidea  vulgaris 91 

lythargyriay  host  of  Blepharidea  vulgaris 91 

obsoleta,  host  of  Echinomyiafera 89 

Libytha  celtis,  host  of  Compsilura  concinnata 89 

Lime-sulphiur  washes  against  San  Jose  scale,  general  use  as  preventing  estab- 
lishment of  Ckilocorus  bivtUnerus 38 

Limnerium  disiooampse,  parasite  of  brown-tail  moth  in  America 143 

Clisiocampa  (Malacopoma) 192 

tent  caterpillar  (Malacosoma) 143 

disparis,  parasite  of  brown-tail  moth  in  Europe 295 

position      in      "se- 
quence". . 136 

gipsy  moth  in  Europe 295 

position  in  ^'sequence".  132 

Japan,  poeition  in  "sequence". .  121 
introduction    into    United    States, 

habits 191-192 

reared  at  laboratory 85 

parasite  of  gipsy  moth  in  Russia 81 

sp.  (fugitivaf)  host  of  Hemiteles  utilis 138 

parasite  of  gipsy  moth  in  America 138 

tricoloripeSj  parasite  of  gipsy  moth  in  Europe 192 

position       in       * 'se- 
quence"   132 

reared  at  laboratory 85 

Liparis  monaata.    (See  Nun  moth  and  Porthetria  monacha.) 

Locust,  food  plant  of  gipsy  moth 57 

Lophyrus  laridSf  host  of  Zygobothria  gilva 90 

paUiduSf  host  of  Zygobothria  bimaculata 90 

gilva 90 

pini,  host  of  Parasetigena  segregata 89 

Tacfnna  larvarum 90 

Zygobothria  bimaculata 90 

gilva 90 

n^,  host  of  Zygobothria  bimaculata 90 

gilva 90 

soduSf  host  of  Zygobothria  bimaculata 90 

sp.,  host  of  Dexodes  nigripes 88, 91 

variegatuSf  host  of  Zygobothria  bimaculata 90 

gilva 90 

virens,  host  of  Zygobothria  bimaculata 90 
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Lydella  nigripes.    (See  Dexodu  nigripes.) 

pinivoTK^  parasite  of  gipsy  moth,  recorded  in  literature 88, 89 

Lymantria  monacha.    (See  Nun  moth  and  Porthetria  monacha.) 
Lysiphlehus  trUici,  parasite  of  Toxoptera  graminum^  experiments  in  transporta- 
tion from  one  part  of  country  to  another  part 22 

Macroglossa  stellatarum,  host  of  Tachina  larvarum 90 

Macrothylacia  ruhif  host  of  Campsilura  condnnata 89 

ParexorUta  chelonix 92 

Tadnna  larvarum 90 

Mxnia  typica,  host  of  Blepharidea  vulgaru 91 

Malaco8oma  (see  also  Tent  caterpillar  and  Clisiocampa). 

americana,  host  of  American  Parexorista  chekmist 299 

castrensiSf  host  of  Carcelia  excisa 89 

Taehina  larvarum 90 

disstriOf  host  of  American  Parexorista  chelonise 29^300 

Theroniafulvescens 137 

neustria^  host  of  Carcelia  excisa 89 

gnava 88 

Tompsilura  condnnata 89 

Hisiochseta  marmorala 89 

Caddna  larvarum 90 

ZenUlia  libatrix 90 

Mamtstra  advena,  host  of  Blepharidea  vulgaris 91 

brassicsSf  host  of  Compsilura  condnnata 89 

Tadiina  larvarum 90 

oleracea^  host  of  Compdlura  condnnata 89 

Tricholyga  grandis 88,92 

persicariXf  host  of  Blepharidea  vulgaris 91 

Compsilura  condnnata 89 

pisif  host  of  Dexodes  nigripes 88, 91 

Echirumiyia/era 89 

Tricholyga  grandis 88,92 

reticulata,  host  of  Blepharidea  vulgaris 91 

Maple  (see  also  Acer). 

food  plant  of  gipsy  moth 80 

white-marked  tussock  moth  (Hemerocampa  leucostigma)....  101 

Masicera  sylvaticaj  gross  number  colonized 310 

paraedte  of  brown-tail  moth  in  Europe,    position    in    '"se- 
quence"   136 

introduction  into  United  States .  303 

reared  at  laboratory 91 

recorded  hosts 92 

Mayetiola  destructor.    (See  Hessian  fly.) 

Mealy  bugs  (Pseudococcus),  prey  of  coccinellids  introduced  from  abroad ^6 

Cryptolxmus  montrovjneri 34 

Mdgenia  bisignata,  parasite  of  gipsy  moth,  recorded  in  literature 88, 89 

Meliissa  athalia,  host  of  Blepharidea  vulgaris 91 

Erydaferruginea 92 

aurinia,  host  of  Erydaferruginea 92 

didymOf  host  of  Tachina  larvarum .,.  90 

Melittobia  acasta,  parasite  of  introduced  Tachinidse  and  Sarcophagidse 209-212 

parasite  of  tachinids,  an  undesirable  introduction 202 

Melopdlus  porcelluSy  host  of  Tachma  larvarum 90 

Mesochorus  confusus,  parasite  of  gipsy  moth,  recorded  in  literature 85 

dilutuSy  parasite  of  brown- tail  moth,  recorded  in  literature 87 
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Metodiorv^  gracUis,  pBifmt/^  of  mmy  JDi^ 85 

D.  ep.,  parasite  of  Ap^rUduJuikei 265 

jKdlijM.v^j^X/QoiApaTUeleilacteicoloT 263,265-266,207,289 

pectoralig,  parasite  of  brown-tail  moth,  recorded  in  literature 87 

gipsy  moth,  recorded  in  literature 85 

semirVffuSt  parasite  of  gipsy  moth,  recorded  in  literature 85 

sp.,  parasite  of  AponUlea  hyphantrix 265 

splendidulua,  parasite  of  gipsy  moth,  recorded  in  literature 85 

MeUoruB  ieUricus,  parasite  of  brown-tail  moth,  recorded  in  literature 86 

japonicuSf  parasite  of  gipsy  moth  in  Japan 121, 190-191 

position  in  *  *  sequence  "...       121 

reared  at  laboratory 85 

parasite  of  brown-tail  moth  in  Europe,   introduction  into  United 

States 70 

gipsy  moth  in  Russia,  introduction  into  United  States 69 

jniMricomis,  parasite  of  gipsy  moth  in    Europe,    position    in    ''se- 
quence"        132 

introduction  into  United  States. .       190 

reared  at  laboratory 85 

scuUHatoTy  parasite  of  gipsy  moth,  recorded  in  literature 85 

versicolor,  gross  number  colonized 310 

host  of  Pteromalus  egregius 266, 267 

parasite  of  brown- tail  moth  in    Europe,    position    in    "se- 
quence " 136 

introduction  into  United  States, 

habits.  .  .   262, 264-267,  286-289,  295 

reared  at  laboratory 86 

recorded  in  literature 86 

results     of     rearing    work    in 

1910 147-149 

status  in  United  States  in  1910.      309 

fall  webworm  (Hyphantria) 289 

gipsy  moth  in  Europe,  position  in  "sequence " . .       132 

introduction  into  United  States 190 

reared  at  laboratory 85 

white-marked  tussock  moth  (Ilemerocampa  leu- 

costigma) 221-223,  289 

Metopsilus  porcelltiSy  host  of  Blepharidea  vulgaris 91 

Miana  literosa,  host  of  Dexodes  nigripes 88, 91 

Microctonus,  parasite  of  ladybird  adults 30 

Microgaster  calceata,  parasite  of  brown-tail  moth,  recorded  in  literature 86 

gipsy  moth,  recorded  in  literature 85 

consularis  (Ral.)=  Microgaster.  connexa  Nees 86 

c&nnexa,  Microgaster  consularis  a  synonym 86 

consularis f  parasite  of  brown-tail  moth,  recorded  in  literature 86 

fulvipes  liparidis.    (See  Apanteles  fulvipes  liparidis.) 

tibialis,  parasite  of  gipsy  moth,  recorded  in  literature • 85 

Microweisia  misella,  enemy  of  Diaspis  pentagona,  introduction  into  Italy 44-45 

MiTieola  indiginella,  control  by  permitting  parasites  to  escape 18-19 

Monedula  Carolina,  enemy  of  tabanid  flies,  introduction  into  Algeria 45 

Monodontomerus  asreua,  gross  number  colonized 310 

hibernating  in  brown-tail  nests 262,  266,  267 

host  relations 266 
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MonodontofMrui  xreui,  pandte  of  AparUele$  ladeieolor. 

brown-tail  moth  in  Europe 

position  in  ' 

introduction    into    Un 

States,  habits. 

reared  at  laboiatcMy 

recorded  in  literature, 
results  of  rearing  wori 

1910 

status  in  United  State 

1910 

CcmptUura  eoneinnata 

gipsy  moth  in  Europe 

position     in    ' 

quence" 

introduction  into  United  Sti 

habits 

reared  at  laboratory 

status  in  United  States  in  19 

introduced  Tacbinidae 

Pimpla 

tachinid  and  sarcophagid  puparia 

Theronia 

white-marked  tussock  moth  {Hemerood 

leueottigma) 

Zygobothria  nidicola 

reared  from  brown-tail  moth  webs,  host  relations. . 

successful  colonization 

unfortunately  a  secondary  as  well  as  a  primary  p 

site 

Walk.=  Torymia  anephelus  Ratz '. 

dentipes,  parasite  of  brown-tail  moth,  recorded  in  literatun 

Mulbeny ,  food  plant  of  Diaspis  perUagona 

Mymarid  parasite  of  weevil  allied  to  Phytonomus  murinus,  introduction 

United  States  to  combat  the  latter 

Natural  control  of  insects,  three  groups  of  ^tors 

Nerrvatus  ribesiif  host  of  Dexodes  nigripes 

Nonagria  iyphlim^  host  of  Masicera  sylvatica 

Notodonta  trepidaf  host  of  Argyrophylax  atropivora 

Nun  moth  (see  also  Porthetria  monacha). 

prey  of  Calosoma  gycophanta 

Novius  cardinalisy  enemy  of  Icerya  segyptiacay  introduction  into  E^ypt 

purchatif  introduction  into  Cape  Colony, 

Formosa 

Hawaiian 

lands 

Italy 

*">?    ^  New  Zealand 

Portugal 

Syria 

United  State 
reasons  for  its  succeaB 
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Oak,  food  plant  of  gipsy  moth 77,80,81,124-125 

Ocneria  detritay  host  of  Tachina  hrvarum 90 

(Eanistis  quadra,  host'  of  Compsilura  concinnata 89 

Echinomyia  fera 89 

OlelhreiiUs  herc^iaruij  host  of  Tachina  larvarum 90 

Olive  fly  (see  also  Dacus  olese). 

method  of  encouraging  parasites 20 

Omiodes  blackhumi,  host  of  Chalcis  ohscurata^  control  by  introduction  of  para- 
site          35 

OmoT^ius  difformiSj  parasite  of  brown-tail  moth,  recorded  in  literature 86 

Ootetrastichiis  beatuSj    parasite  of  Perhinsiella  saccharicida,    introduction   into 

Hawaiian  Islands 35 

OpUllus  trimaculatusj  parasite  of  Ceralitis  capUata^  attempted  introduction  into 

Western  Australia 39 

Orange,  food  plant  of  Aleyrodes  dlri. 46 

Icerya  purchasi 24 

Lepidosaphes  bechii 28 

gloveri 28 

Orgyia  anliqua,  host  of  Carcelia  excisa 89 

gnava 88 

ericas,  host  of  Pales  pavida 92 

Tachina  larvarum 90 

gonostigmaj  host  of  Tachina  larvarurn 90 

Oriholilha  cermnala,  host  of  Dexodes  nigripes 88.  91 

Orthosia  humilis^  host  of  Tachina  larvarum 90 

pistacina^  host  of  Parexorisia  cheloniic 92 

Pachyneuron  gifuensiSi  parasite  of  Anastatus  bifasciatus 183 

Schedius  kuvana' 183 

reared  from  gipsy-moth  eggs 178 

BUperparasitized  by  Pachyneuron  gi/uensis 183 

Tyndarichus  navae 183 

Pcu^ytelia  villosella,  host  of  Exorista  affinis 89 

Packing  and  shipment  of  brown-tail  moth  egg  masses 160-161 

larvae,  full-fed  and  pupating 162-164 

immature 162 

pup?e 164 

Calosoma  and  other  predaceous  beetles 167 

gipsy-moth  egg  masses  from  Japan 152-153 

larva%  full-fed  and  pupating 156-159 

second  to  fifth  stages  from  Europe.       154 

pupae 159-160 

hjonenopterous  parasite  cocoons 165-166 

tachinid  puparia 166-167 

Pales  pavida,  gross  number  colonized 310 

parasite  of  brown-tail  moth  in  Europe,  position  in  "sequence". .       136 
introdxiction     into     United     States, 

habits 300-302 

reared  at  laboratory 91 

recorded  in  literature 91 

status  in  United  States  in  1910 310 

gipsy  moth  in  Europe 235, 302 

position  in  *' sequence" 132 

recorded  hosts 92 

Palms,  food  plants  of  Omiodes  blackburni 35 
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Pamphilius  stellattUf  host  of  Parexorista  chelonxat 

Tachina  larvarum , 

Pajiolis  griseovariegata^  host  of  Echinomyia /era ! 

Pales  painda 

Tachina  larvarum 

Papilio  machaon,  host  of  Tachina  larvarum 

Paranagms  optabilis^    parasite   of   Perkinsiella  saccharicidaf    introduction 

Hawaii 

perforator^  paraait^  of  Perkinsulla  saccharicida^   introduction 

Hawaii 

Parasa  hilarula  =  Parasa  sinica 

sinica,  hibernating  in  egg  masses  of  gipsy  moth. 

Parasemia  phantaginU^  hoet  of  Blepharidea  vulgaris 

Paraseiigetia  segregata^  gross  number  colonized 

handling  of  puparia 

parasite  of  gipsy  moth  in    Europe,    position   in 
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introduction  into  United  St 

habits 

reared  at  laborator\'^ 

recorded  in  literature 

Btatus  in  United  States  in  ] 

recorded  hosts 

Parasites  of  brown-fail  moth.     {See  Brown- tail  moth  parasite.^.) 
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work , 
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Bs  of  gipsy  and  biown-tail  moUui,  imported  into  United  States,  present 

status 307-SlO 

known  and  recoided 84-92 

localities  from  which  material  ha^  been 

received 168, 160 

quantity  of  material  imported 1 07-168 

moth.    (St4  Gipsy  moth  parMites.) 

injurious  insects,  early  practical  woric  in  handling 17-18 

Froggatt's  journey  for  investigation  of  their  utility.  42-44 

method  of  encouragement 20 

permitting  them  to  escape 18-20 

previous  work  in  practical  handling 16-45 

transfer  from  one  country  to  another 23-40 

transportation  from  one  part  of  a  given  country  to 

another  part 20-23 

secondary,  host  relations 201-202 

ism  as  a  factor  in  insect  control 105-109 

of  brown-tail  moth  in  America 143-151 

Europe 132-135 

gipsy  moth  in  America 136-143 

Japan 120-123 

Russia 123-12!) 

southern  France 12^131 

native  insects,  studies  therein 102-105 

white-marked  tussock  moth  (Hemerocampa  leucostigma)  in  country 

versus  city 119-120 

ifto  cheloniXf  American  race,  parasite  of  Malaco9oma  americana  and  Mala- 

co9oma  disstria 299-300 

biological  differences  between  American  and   European 

races 257,286,299 

gross  number  colonized 310 

parasite  of  brown-tail  moth  in  Europe,  position  in  ''se- 
quence " 136 

introduction      into      United 

Stetes,  habits 297-300 

reared  at  laboratory 91 

status  in  United  States  in  1910      310 
probable  interbreeding  of  American  and  European  forms  299-300 

recorded  hosts 02 

reen  against  gipsy  moth,  formerly  recommended 47 

^  sp . ,  host  of  AparUeles  fishei 265 

oogenesis  as  a  factor  in  establishment  of  hymenopterous  parasites  in  a 

new  country 95 

in  MeliUobia  acaUa 211-212 

SchediuB  kuvanae 179,183 

Trichogramma 257-258 

x)d  plant  of  Aporia  cratxgi 133 

brown-tail  moth 133 

did,  containing  nests  of  brown-tail  moth 133 

aides  ventrieonUy  enemy  of  brown-tail  moth  caterpillars  and  their  para- 
sites   267-268 

ScuUllista  cyanea 33 

ipui  euprinus,  an  undesirable  foreign  hyperparasite 202 

parasite  of  introduced  Tachinidae 208-209 
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PerUamput  hifaUn/ui,  secondary  pMBsite  of  fall  webworm  (H3rphantiia),  habits  20&-209 

Perilitus,  parasite  of  ladybird  adults 30 

Perissoptena  javeraUf  reared  from  gipsy-moth  eggs 178 

Perkifiiiella  taodiancida,  enemy  of  sugar  cane,  introduction  of  parasites  and 

enemies  into  Hawaiian  Islands 35 

Pezomaehus/a$eiahi$  (Fab.)=p€xoi?uicAia  melanocephalus  (Schrk.) 85 

parasite  of  gipsy  moth,  recorded  in  literature 85 

horieniiSy  parasite  of  gipsy  moth,  recorded  in  literature 85 

melanocephalus  (Schrk.),  Peaomadtus /a»cicUra  (Fab.)  a  synonym ...  85 

parasites  of  Apantdet  fulvipa 200 

Pholera  bucephala,  host  of  Compnlura  coneinnata 89 

Phora  inciiuralii,  reared  from  dead  gipsy  moth  (PorUtetna  dUpar) 90 

Phorocera,  four  undetermined  species,  parasites  of  gipsy  moth  in  America 141 

Uueanim  ( f),  parasite  of  brown-tail  moth  in  America 93,145 

taundersiiy  parasite  of  brown-tail  moth  in  America 93, 145 

Phragmatobiafuliginomiy  host  of  Carcelia  excisa 89 

Dexodes  nigriptM 88,91 

Parexoriita  chelonut 92 

Phryxe  erylhrostoma,  parasite  of  gipsy  moth,  recorded  in  literature 88 

recorded  hosts 89 

vulgarU.    (See  Blephandea  vtUgaru.) 

Phygadeuon,  parasite  of  Compnlura  coneinnata 224 

Phylloxera  of  grapevine,  prey  of  Tyroglyphtu  ph^Uoxer«y  attempted  control  by 

introduction  of  its  enemy 24 

' '  Physiological ' *  species.    (See  Biological . ) 

Phytonomus  murinuSj  enemy  of  alfalfa,  quest  for  parasites  in  Europe 46 

Pieris  bra$nc«f  host  of  Blephandea  vtUgaris 91 

Compnlura  coneinnata 89 

Masicera  sylvatioa 92 

daplidice,  host  of  Blepharidea  vtUgaris 91 

rapse  (see  also  Pontia  rapx). 

host  of  Blepharidea  vulgaris 91 

Compsilura  coneinnata 89 

Pimpla  brassicariXy  parasite  of  brown-tail  moth  in  Europe 238 

position   in   "se- 
quence " 136 

reared  at  laboratory 86 

gipsy  moth  in  Europe 238 

position  in  *  *  sequence  " . .  132 

reared  at  laboratory 85 

con^mtor,  not  properly  a  host  of  Theroniafulvescens 137 

parasite  of  brown-tail  moth  in  America 144,147-149 

gipsy  moth  in  America 138, 238 

.tent  caterpillar  (Malacoeoma) 238 

white-marked     tussock     moth     {Hemerocampa 

leueostigm/i) 238 

disparisy  parasite  of  gipsy  moth  in  Japan 238 

position  in  "sequence  " 121 

reared  at  laboratory 85 

examinatoTy  parasite  of  brown-tail  moth  in  Europe 1^ 

position  in  "se- 
quence"  -    136 

reared  at  labmtory 86 
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Pimpla  eocaminatoT,  parasite  of  brown-tail  moth  recorded  in  literature 86 

status  in  United  States  in  1910.      310 

gipsy  moth  in  Europe,  position  in  **8equence".       132 

introduction  into  United  States.  .   237-239 

reared  at  laboratory 85 

recorded  in  literature 85 

host  of  Monodontorrrwrus  sereus 246,  249 

inquuitoriella^  host  of  Pimpla  instigator , 237 

parasite  of  tussock  moth  {Hemerocampa  lewcostigma) , .  237-238 

instigator  J  parasite  of  brown-tail  moth  in  Europe 144 

position   in   ** se- 
quence"        136 

reared  at  laboratory 86 

recorded  in  literature 86 

status  in  United  States  in  1910. .       310 
gipsy  moth  in  Europe,  position  in  "sequence". . ,       132 
introduction     into     United     States, 

habits 237-239 

reared  at  laboratory 85 

recorded  in  literature 85 

Pimpla  inquisitoriella 237 

pedalis,  parasite  of  brown-tail  moth  in  America 144, 147-149 

gipsy  moth  in  America 137-138, 237-239 

pluto,  parasite  of  gipsy  moth  in  Japan,  position  in  "sequence  " 121 

introduction  into  United  States,  habits.  237-239 

reared  at  laboratory. . . 85 

porthetriae^  parasite  of  gipsy  moth  in  Japan,  position  in  "sequence". . .       121 

introduction     into     United     States, 

habits 237-239 

reared  at  laboratory 85 

spp.,  gross  number  colonized 310 

parasites  of  gipsy  moth,  status  in  United  States  in  1910 308,  310 

tenuicomis^  parasite  of  gipsy  moth  in  America 138 

Pine,  food  plant  of  "pine  tussock  moth" 103 

Piroplasmosis,  transmission  by  Hhipicephalus  sanguineus 41-42 

" Planidium  "  stage  of  Perilampus 208 

Plant-lice,  prey  of  Coccinella  calif omica,   control  by  transportation  of  enemy 

from  one  part  of  country  to  another  part 22-23 

repandUf  control  by  introduction  of  enemy 35 

'  '  undecimpunclata 24 

I-  Hippodamia  convergens^  control  by  transportation  of  enemy 

from  one  part  of  country  to  another  part 22-23 

Plum  curculio.     (See  Curculio,  plum.) 

Plusia  festucx^  host  of  Cornpsilura  condnnata 89 

gamma,  host  of  Blepharidea  vulgaris 91 

Cojnpsilura  condnnata. , 89 

Bexodes  nigripes. 88,  91 

Pales  pavida 92 

iota,  host  of  Tachina  larvarum 90 

Podi»us  sp.,  enemy  of  Apanteles fulvipes 199 

Pcecehcampa  populi,  host  of  Compsilura  condnnata 89 

Polygnotus  hiemalis,  parasite  of  Mayetiola  destructor^  transportation  from  one 
part  of  countr>^  to  another  part 21 
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Pontia  rapx  (see  also  Pieris  rapx). 

control  by  caging  and  permitting  parasites  to  escape 19 

host  of  ApanUUs  glomeratus 24 

Compsiltara  concinruUa 223 

Poplar  (««  also  Populuei). 

black,  food  plant  of  gipsy  moth 80 

food  plant  of  gipsy  moth 57, 82 

Populus  (see  aUo  Poplar). 

nigra,  food  plant  of  gipsy  moth 124 

Portheaia.  similiSj   host  of  Compsilura  condnnata 89 

Dezodes  nigripes 88, 91 

Erycia  ferruginea 92 

Parthetria  {Lymantria)  monacha  (see  also  Nun  moth). 

host  of  Carcelia  exdsa 89 

Compsilura  condnnata 89 

Echinomyia  /era 89 

Parasetigena  segregata 89, 229 

Tachina  larvarum 90 

Zygoboihria  himacukUa 90 

Pray*  oleelltis,  control  by  caging  and  j>ermitting  parasites  to  escape 19 

Procrustes  coriacniSj  host  of  Blepharidea  vulgaris 91 

Proctotrypid  parasite  of  Compsilura  condnnata 224 

Prospaltella  berlesdy  importation  into  Peru  for  controlling  Ilemichionaspis  minor.       45 

parasite  of  Diaspis  pentagona,  introduction  into  Italy 38, 44 

lahorensis,  parasite  of  Aleyrodes  dtri 46 

Pseudococcufl.     {See  Mealy  bugs.) 

Pseudogonatopus  spp.,  parasite  of  Perkingiella  saccharidda,  introduction  into 

Hawaiian  Islands 35 

Pteromalid  parasite  of  Apanteles  fulvipes 200 

Ptercmmlus  chrysorrhoea  D.  T.,  Pteroirialus  rotundatus  PUtz.  a  synonym 87 

cuproideus,  parasite  of  white-marked  tussock  moth  {Henurocampa 

leucostigma) . 305 

Ptercmalus  egregius  Forst . ,  Pteromalus  nidukms  Thorns,  a  synonym 87 

gross  number  colonized 310 

hoBt  ol  Entedon  albiiards 263,266,267,269 

eulophid 202 

parasite  of  Apanteles  lacteicolor 266, 267, 283-284 

brown-tail  moth,  colonization  in  United  States, 

host  relations 61, 

65, 96, 262, 263, 265^267, 268-278 
in  Europe,    position  in   "se- 
quence"       136 

status  in  United  States  in  1910.      309 

Meteorus  versicolor 266, 267 

unfortunately  a  secondary  as  well  as  a  primary  parasite 202 

holiday  anus,  parasite  of  gipsy  moth,  recorded  in  literature 86 

nidulansj  parasite  of  brown-tail  moth,  reared  at  laboratory 87 

recorded  in  literature ^7 

Thorns. ^P^omato  egregius  Forst 87 

pini,  parasite  of  gipsy  moth ,  recorded  in  literature 86 

processioned,  parasite  of  brown-tail  moth,  recorded  in  literature 87 

puparum,  parasite  of  brown-tail  moth,  recorded  in  literature 87 

rotundatus,  parasite  of  brown-tail  moth,  recorded  in  literature 87 
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Ptenmaha  rotundattUj  Ratz.esPteromaZtM  ekrywrrhaa  D.  T 87 

sp.y  near  euproideuSy  pansite  of  brown-tail  moth 305 

parasite  of  brown-tail  moth  in  Europe,  position  in  '"sequence"  136 

reared  at  laboratory 87 

Pterostoma  palpinaj  host  of  Carcelia  excita 89 

PtHotadiina  larvincoUif  panunte  of  gipsy  moth,  recorded  in  literature 88, 90 

monachay  parasite  of  gipsy  moth,  recorded  in  literature 88, 90 

Ptdvinaria  pndiij  prey  of  CryptoUemu*  montTKmzitTiy  control  by  introduction  of 

enemy 34-35 

Pygsera  cmachoreta,  host  of  Compnltara  concinnata 89 

curtula,  host  of  Carcelia  excisa 89 

pigra^  host  of  Zenillia  libatrix 90 

Pyrameis  atalanta,  host  of  Compnltara  concinnata 89 

Rabbit,  cotton-tail,  host  of  HseTnapkytalis  leporis-paltistris , 41 

Rearing  cage.    {See  Cage.) 

Reproduction  experiments  with  MeliUobia  aeaata 211-212 

Schedius  kuvanx 184 

Trichogramma 257-268 

RMpicephalus  wnguineus,  host  of  Hunterellra  hooheri 41^2 

parasite  of  camel 42 

dog 42 

transmitter  of  piroplasmoeis 41-42 

texanuty  host  of  HuntereUtu  hooheri 41 

parasite  of  dog 41 

horse 42 

Bhizohius  ventraliSj  enemy  of  black  scale  {Saistetia  olest),  introduction  into  Cali- 
fornia   31 

Rhogas.    {See  Rogas.) 

Phyparia  purpurata,  host  of  Parexorista  chelonise 92 

Rogas  geniculatoTy  parasite  of  brown-tail  moth,  recorded  in  literature 86 

pulchripeSt  parasite  of  brown-tail  moth,  recorded  in  literature 86 

testacetis,  parasite  of  brown-tail  moth,  reccnrded  in  literature 86 

Rose,  food  plant  of  gipsy  moth 82 

Saissetia  olex.    {See  Scale,  black.) 
Salix  {see  also  Willow). 

food  plant  of  gipsy  moth 124 

Sarcophaga  sp.,  reared  from  dead  gipsy  moth  {Porthetria  dispar) 90 

Sarcophagid  puparia  from  gipsy  moth  pupSB,  results  of  rearing  work  of  1910 141 

Sarcophagids,  hosts  of  Monodontomerus  sareus 246 

parasites  of  grasshoppers 250 

probable  parasites  of  "pine  tussock  moth " 251 

that  feed  upon  gipsy  moth  pupae;  are  they  parasites  or  scaven- 
gers?  - 250-251 

Satiamia  pavoniaj  host  of  Exorista  affinis 89 

Masicera  sylvatica 92 

Tricholyga  gnmdis 88, 92 

pyri,  host  of  Carcelia  exdsa 89 

Exorista  affinis 89 

Masicera  sylvatica 92 

Tachina  larvarum 90 

Tricholyga  grandis 88, 92 

spini^  host  of  Masicera  sylvatica 92 
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Scale,  black  (Sai9$etia  olex),  host  of  Tomoeera  caiifornica,  control  by  transporta- 
tion of  parasite  suggested 21 

international  work  with  enemies 31-34 

prey  of  RkuohiuM  ventralis,  control  by  introduction 

of  latter 31 

coffee,  host  of  ScuUUista  cyariea 31 

cottony  cushion.    (See  Icerya  pureha$i.) 
fluted.    (See  Icfrya  purckan.) 
long.    (See  Lepido$aphe$  glovcri.) 
oyster-^ell .    ( See  LepidoMphes  ulmi. ) 
purple.    (See  Lepida»aphe$  beckii.) 
San  Jose.    (See  Aspidiotiu  pemiciosus.) 
wax .    (See  Ceroplastes. ) 
West  Indian  peach.    (See  DiaspU  pentagona.) 

Schedius  kuvojiXy  gross  number  colonized 310 

host  of  Packyneuron  gtfuenns 183 

TyndarichuM  navx 183 

parasite  of  gipsy  moth  in  Japan,  position  in  ^'sequence" 121 

introduction  into  United  States,  hab- 
its   75,176-188 

reared  at  laboratory 86 

status  in  United  States  in  1910 307 

superparasitized  by  Schedius  kuvanx 181-183 

superparasitizing  Aruutatus  hifa$ciatu$ 181-183 

ScuUUiita  q/anea,  parasite  of  coffee  scale,  black  scale  (Saiisetia  oUx),  and  Cero- 

pUuUs  spp.,  introduction  into  United  States  and  Italy 31 

prey  of  Pedieuloides  verUrieonu 33 

"Sequence"  of  parasites 106 

of  brown-tail  moth  in  Europe 135, 136 

gipsy  moth  in  Europe 131 

Japan 121 

Sericana  mori,  host  of  Crotiocotmiii  sencarix 88 

Sigalphus  curculionisy  parasite  of  plum  curculio,  transportation  from  one  part  of 

country  to  other  parts  suggested 20 

Silkworm,  common.    (See  Sericaria  mori.) 

Japanese  (see  also  Antherasa  yamamai). 

**uji '*  parasite 232-234 

Smerinihus  ocellatus,  host  of  Zenillia/auna 92 

populi,  host  of  Compsilura  condnnata 89 

Species  of  insects  differing  in  biological  characters  only 225-226, 257, 285-286 

Sphinx  ligiutrif  host  of  Carcelia  excisa 89 

Masicera  syhatica 92 

Tricholyga  grcmdis 88,92 

SpHoioma  lubridpeda^  host  of  CompsUura  condnnata 89 

Parexorista  <^hnix 92 

menthastn,  host  of  ComptUwra  condnnaia 89 

Staphylinid  beetle,  enemy  of  Ceratitis  capitaUiy  introduction  into  Western  Aus- 
tralia        39 

Staphylinus  olenSj  enemy  of  earwigs,  practical  handling 18 

Starvation  as  factor  in  control  of  Heterocampa 103 

^  insects IW 

Stauropus/agi,  host  of  CompsQwra  condnnata 89 

Zygohothria  gUva 90 
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SlUpnotia  scMcis^  host  of  Carcelia  excisa 89 

gnava 88 

Compgilura  coneinnata 89 

Parexoritta  chehnise 92 

Tacfnna  larvarurn 90 

Sugar-cane  borer  (Rhabdocnemis  ohscurus),  quest  of  parasites  for  introduction 

into  Hawaiian  Islands 36 

food  plant  of  Perhinsiella  sacdiaricida 35 

plant-lice 35 

leafhopper.    (See  Perkinsiella  sacdiaricida . ) 
Sycamore,  food  plant  of  white-marked  tussock  moth  {Hemerocampa  leucostigma)      101 

SpUomosphyrum  esuruSf  parasite  of  brown-tail  moth  in  America 139, 144, 147-149 

gipsy  moth  in  America 139 

parasite  of  ladybird  larvae 30 

Tabanid  flies,  prey  of  Monedula  Carolina 45 

transmitters  of  trypanosomiasis  of  dromedaries 45 

Trichina,  biological  character  separating  the  species  mella  and  larvarum 257 

japonica,  gross  number  colonized 310 

host  of  Chalets  fskei 240 

parasite  of  gipsy  moth  in  Japan ,  position  in  ' '  sequence  "...      121 
introduction  into  United  States. . .  227-228 

reared  at  laboratory 88 

status  in  United  States  in  1910 308 

recorded  host 88 

larvarum^  gross  number  colonized 310 

parasite  of  brown-tail  moth  in       Europe,       position       in 

^'sequence" 136 

introduction  into  United  States      296 

reared  at  laboratory 91 

status  in  United  States  in  1910    308, 

309 
gipsy  moth  in  Europe,  position  in  *  *  sequence  " . .       1 32 
introduction    into    United    States, 

habits 225-227 

reared  at  laboratory 88 

recorded  in  literature 88 

status  in  United  States  in  1910 308 

recorded  hosts 90 

latifronsj  parasite  of  brown-tail  moth,  recorded  in  literature 91 

recorded  hosts 92 

''Tachina-like  "  parasite  of  gipsy  moth,  results  of  rearing  work  of  1910 142 

TcMna  mella  and  Tachina  larvarum^  biological  differences 286 

parasite  of  brown- tail  moth  in  America 93, 145, 147-149 

gipsy  moth  in  America 90, 139-140 

white-marked  tussock  moth  {Hemerocampa  leucostig- 

ma) 221-223 

noctuarum^  parasite  of  gipsy  moth,  recorded  in  literatiu^ 88 

recorded  hosts 90 

parasite  of  gipsy  moth,  relative  abundance  in  Massachusetts  and 

Russia 127 

TachinidsB,  hyperparasites 207-213 

Tachinid  flies,  rearing  and  colonization,  large  cages  versus  small  cages 204-207 

parasites  of  the  brown-tail  moth 296-304 

gipsy  moth .., 202-236 
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Tachinid  puparia,  importation  and  handling 166-167 

undetermined,  parasite  of  brown-tail  moth  in  America. . .  145-146,  147-149 

Tachinidfl,  hoet  relations,  physiological  and  physical  restrictions  thereto 202-204 

hosts  of  Melittobia 202 

Monodantomenii  mreus 246 

miscellaneous,  parasites  of  gipsy  moth,  results  of  rearing  work  of  1910 .     141 

parasites  of  gipsy  moth  in  Russia 81, 125 

undetermined  species,  reared  from  gipsy  moth  in  America 141 

TstniocoMpa  $tabiLi»,  host  of  ComptUiuraconcinnaUi 89 

Tapino$tola  elymx,  host  of  Dexodu  nigripe* 88,91 

TeUnomui  phaUmarumy  gross  number  colonized 310 

parasite  of  brown-tail  moth  in    Europe,    position    in 

"sequence" 136 

introduction  into   United 

States 64,260-261 

reared  at  laboratory 87 

recorded  in  literature 87 

status  in  United  States  in 

1910 309 

Tent  caterpillar  {$ee  alao  Glisiocampa  and  Malacosoma). 

control  by  disease 98, 101, 105 

host  of  Anomaion  exile 144 

Limnerium  cluiocampx 143 

Pimpla  conquitiior 238 

parasitism 102,104-105 

fOTest.    (See  Malacowma  disstria.) 

Tephrodystia  virffaureataf  host  of  Dexodes  nigripes 88,91 

Tetrastidius  xanihomeUenm^  parasite  of  elm  leaf-beetle  (Galenicella  luteola), 

introduction  into  United  States 39-41,62-63 

Thalpochrrei  pannonica,  host  of  Carcelia  excita 89 

Thalpochares  cocdpfuiga,  parasite  of  black  scale  (Saissetia  olem),  introduction  into 

United  States 34 

Thamrumona  wavaria^  host  ot  Blepharidea  vulgaris 91 

TJioTiasimusformioariiiSf  enemy    of    barkbeetles,    introduction    into    United 

States 36 

Thaumetopcea  jMmvoro,  host  of  Dexodes  rdgripes 88, 91 

pityoeampa,  host  of  Blepharidea  vtUgaris 91 

C<mipsiliura  (xmcinnata 89 

Trickolyga  grandis 88,92 

processionea,  host  of  Blepharidea  vtdgaris 91 

Carcelia  excisa 89 

Compsilura  concinnata 89 

Epicampocera  craisiaeia 89 

Pales  pavida 92 

Zenillia  libatrix 90 

Thelyotokous  hymenopterous  parasites,  chances  of  successful  establishment  in 

anewcoimtry 95 

Thelyotoky  in  Trichogramma 257, 258 

Theronia  atalarUx,  parasite  of  brown-tail  moth  in  Europe 304 

position       in       "se- 
quence"       136 

reared  at  laboratory ^ 

recorded  in  literature 86 
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Theronia  atdkmtx^  parasite  of  gipsy  moth  in  Europe 236 

position  in  "sequence"..  132 

reared  at  laboratory 86 

recorded  in  literature 86 

fulveicenSf  not  properly  a  parasite  of  Pimpla  conquisitor 137 

parasite  of  brown-tail  moth  in  America 144, 147-149, 304 

gipsy  moth  in  America 137, 141, 142, 236-237 

host  of  Monodontomenis  seretis 246 

japonim,  parasite  of  gipsy  moth  in  Japan 236 

position  in  "sequence  " 121 

me2anoc«pAa/a,  not  known  to  be  parasite  of  gipsy  moth 137 

Thyridopteryx  ephemerxformiSy  control  by  caging  and  permitting  parasites  to 

escape 19 

Ticks,  work  with  parasites 41-42 

Timandra  amata,  host  of  Compsilura  condnnata 89 

Tobacco,  food  plant  of  Helioihis  obsolete 46 

Tomocera  californica^  parasite  of  Saissetia  oless,  transportation  from  one  part  of 

country  to  another  part  suggested 21 

Torymus  antpheluB  '^iz. ^  MonodonU/menn  sereus  Walk 87 

Toxoocmpa  pastinum]  host  of  Blepharidea  vulgaris 91 

Toxoptera  graminum,  host  of  LysiphUbtis  tritici,  experiments  in  control  by 

transportation  of  its  parasite 22 

Trachea  atriplicis,  host  of  Compsilura  condnnata 89 

Tray,  " tanglefooted,"  for  brown-tail  caterpillars 280 

Trichiocampus  viminalis^  host  of  Compsilura  condnnata 89 

Trichogramma,  biological  characters  separating  pretiosa  from  European  pre- 

iio«a-like  form 257 

preHosa-like  form,  parasite  of  brown- tail  moth  in  Europe,  position 

in  sequence 136 

introduction    into 
United  States, 

habite 256-260 

pretiosa,  parasite  of  brown-tail  moth  in  America,  habits. .  143, 256-260 

Helioihis  ohsoleta,  shipment  to  Sumatra 45 

sp.,  parasite  of  Archips  rosaceana 259-260 

brown-tail  moth  in  Europe,  position  in  "se- 
quence " 136 

spp.,  gross  number  colonized 310 

parasites  of  brown-tail  moth,  status  in  United  States  in 

1910 309 

sp.  I,  parasite  of  brown-tail  moth,  reared  at  laboratory 87 

II,  parasite  of  brown-tail  moth,  reared  at  laboratory 87 

Tricholyga  grandiSy  gross  number  colonized 310 

parasite  of  brown-tail  moth  in  Europe 296 

position      in       "se- 
quence'*   136 

reared  at  laboratory 91 

gipsy  moth  in  Europe,  position  in  "sequence  " . .  132 
introduction    into    United    States, 

habits 228-229 

reared  at  laboratory 88 

status  in  United  States  in  1910 308 

recorded  hosts 88,92 
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Trogoderma  tanaUj  enemy  of  Ripey  moth „ 252 

white-marked  tuasock  moth  (Hemerocampa  leu- 

coMtigma) 252 

Tragus  flaviUrriuM  [sic]  bUoriut  (Fab.)?»  parasite  of  g:ipey  moth,  recorded  in 

literature 85 

Trypanosomiasis  of  dromedaries,  transmission  by  tabanid  flies 45 

Tussock  moth,  pine,  control  by  disease 101 

parasitism 103-104 

probable  host  of  sarcophagids 251 

white-marked  (Hemerocampa  leucostigma),  host  of  Anthrenus  va- 

rxu$ 252 

ApanUUs  sp. 

(delicatusf)       138 
Compti  lura 
c  o  n  cin- 

nata 221-223 

Meteorus  versi- 
color. 221-223,289 
Monodo  nto- 

mertufereui     249 
Fimpla    con- 

quiiilor 238 

Pimpla      in- 

quUitorieUa     237 
Pimpla      in- 

Mtigator 237 

Pferomalus 

cuproideus .      305 
T  a  c  h  i  n  a 

mella....  221-223 
Trogoderma 

tarsale 252 

parasitism 102 

in  country 
versus 
city..  119-120 

Tyndartchtis  navas,  parasite  of  Anastatus  hifasciattu 183 

Schedius  huvanx 183 

reared  from  gipsy  moth  eggs 153, 171, 178 

superparasitized  by  Tyndarichus  navat 183 

Buperparasitizing  Pachyneuron  gtfuensis 183 

Tyroglyphus  phylloxeras^  enemy  of  grapevine  Phylloxera,  introduction  into 

Europe 24 

*  *  Uji "  parasite  of  silkworm  in  Japan.    (See  Crossocosmia  sericarise.) 
Ulmus  (see  also  Elm). 

food  plant  of  gipey  moth 124 

Vanessa  antiopat  host  of  Blepharidea  vulgaris 91 

B  lepharipa  scutellata 88 

Compsilura  concinnata 89 

Tachina  larvarum 90 

to,  host  of  Argyrophylax  atropivora 85 

BUphcaridea  vulgaris 91 

Compsilura  concinnata 89 

Dexodesnigripes 88,91 
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Vixne»»a  io,  host  of  Bryda  fenuginea 92 

Tathina  larvamm 90 

Tricholyga  grandis 88,92 

pohfchloroSf  host  of  Dexodes  nigripes 88, 91 

Tachina  larvarum 90 

urticse,  host  of  Blepharidea  vulgaris 91 

Compsilura  eoneinnata 89 

Dexodes  nigripes 88,91 

Tachina  larvarum 90 

xanthomelaSf  host  of  Blepharidea  vulgaris 91 

Compsilura  eoneinnata 89 

VandisUa  aldnchij  parasite  of  fall  webworm  (H3rphantria),  adaptations  in  habits 

to  host 203 

Vedalia  cardinalis .    (See  Novius  cardinalis . ) 

Verama  cardoni,  enemy  of  Aleyrodes  citric  attempted  introduction  into  United 

States 46 

frenata,  enemy  of  Perkinsiella  saccharidday  introduction  into  Hawaiian 

Islands 35 

lineola,  enemy  of  Perbinsiella  sacchariciday  introduction  into  Hawaiian 

Islands 35 

Weather  conditions  as  affecting  rate  of  increase  of  the  gipsy  moth 110 

factors  in  control  of  insects 107 

Webworm,  fall  (Hjrphantria),  host  of  Compsilura  condnnata 224 

Meteorus  versicolor 289 

Varichxta  aldnchi 203 

PerUampus  hyalinus  a  secondary  parasite 208-209 

studies  in  parasitism 104 

Weevil,  cotton  boll  (Anihonomus  grandis),  control  by  transportation  of  para- 
sites   21-22 

method  of  encouraging  parasites. . .  20 
Wheat  midge.    (See  Contarinia  tritici.) 
White  fly  of  orange.    (See  Aleyrodes  dtri. ) 
Willow  {see  also  Salix). 

food  plant  of  gipsy  moth 80 

"Wilt"  disease  of  gipsy  moth 97-102 

Yponomeula  evonymeUa,  host  of  Tachina  larvarum 90 

Zenillia  libatrix 90 

padelhy  host  of  CompsUvra  condnnata 89 

Zenillia  libatrix 90 

Zenillia  fauna  J  parasite  of  brown-tail  moth,  recorded  in  literature 91 

recorded  hosts 92 

libatrix,  gross  number  colonized 310 

parasite  of  brown-tail  moth  in  Europe,  position  in ' '  sequence  " .  1 36 
introduction  into  United  States, 

habits 302-303 

reared  at  laboratory 91 

recorded  in  literature 91 

gipsy  moth,  recorded  in  literatture 88 

recorded  hosts 90 

Zygsena  achillese,  host  of  Bkpharidea  vulgaris 91 

filipendulst  (f),  host  of  Blepharidea  vulgaris 91 

Tachina  latifrons 92 

jantkinay  host  of  Blepharidea  vulgaris 91 
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Ztfgobothria  bimaculata^  parasite  of  gipsy  moth,  recorded  in  literal u 

recorded  hosts 

gilva,  groHs  number  colonized 

parasite  of  gipsy  moth  in  Europe,  position  in  '*9e< 

reared  at  laboratory 

recorded  in  literature 

status  in  United  States  in  : 

•  .  .  recorded  hosts - 

'iU  nidicola,  gross  number  colonized 

host  of  Mojiodontorrurnis  arms 

parasite  of  brown-tail  moth,  colonization  in  Ue 

.  -'        -  habits 26: 

in  Europe,  positi 

quence*' 

'    '        '      *  reared  at  laboratoi 

results    of    rearin 

1910 

status  in    United 

1910 

gipsy  moth,  introduction  into  Un: 
habits 
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ESBATA  TO  BULLETHf  HO.  91,  BXTEEAV  OF  EHTOKOLOGT. 


Pa0B  6,  line  15  from  bottom,  indent  Limnerium  (AniUutxu)  trieoloripe*  Vier,  2  ems  more. 

Page  0,  line  3,  for  The  Calosoma  beetles  read  Oalosoma  spcophanta. 

Page  9,  line  18,  for  The  gipsy  moth  read  Different  stages  of  the  gipsy  moth. 

Page  0,  line  10,  for  The  brown4ail  moth  read  Different  stages  of  the  brown4aa  moth 

Page  10,  line  18  from  bottom,  Ibr  webs  read  tceb. 

Page  24,  line  20,  alter  Muls  insert  period. 

Page  35,  line  7,  for  Daetylopius  read  Pseudocoeeus. 

Page  41,  line  2  from  bottom,  for  trypanosome  read  prototoan. 

Page  42,  line  6,  for  trypanosomiasis  read  piroplasmosis. 

Page  88,  line  11  from  bottom,  for  polychlorus  read  polyehloros. 

Page  80,  last  line,  for  Hakncus  read  Hyloicus. 

Page  90,  line  13  from  bottom,  for  Lymantria  read  Porthetria. 

Page  91,  left-hand  column,  omit  Digonichxta  setipennis  FaU.,  Digonidueta  spinipennis  Meig.,  NemoriUa 
sp.,  and  NemoriUa  notabUis  Meig.,  and  close  up  the  column. 

Page  91,  omit  last  three  lines. 

Page  92,  omit  lines  2, 3, 11, 12,  and  13. 

Page  93,  lines  4, 5,  and  6,  omit  Blepharipeza  leiteophrys  Wied,,  Stwrmia  disealis  Ooq.,  and  Exorista  griseomi' 
esns  V.  de  Wxdp. 

Page  93,  line  4,  left-hand  column,  insert  Phoroeera  saundersii  Will. 

Page  98,  line  6,  left-hand  column,  insert  Exorista  boarmist  Coq. 

Page  93,  right-hand  colunm,  move  Tachina  mella  Walk,  from  line  6  to  line  6. 

Page  95,  line  14  from  bottom,  for  pathogenetically  read  parthenogenetieally. 

Page  116,  line  10  from  bottom,  for  ///  read  HI. 

Page  145,  line  2,  for  Chalcis  sp.  read  Chalds  compsilurx  Craxrf. 

Page  145,  lines  5  to  9,  inclusive,  read  as  follows:  has  been  examined  and  compared  with  other  spedes  of  the 
genus  by  Mr.  J.  C.  Crawford,  who  has  found  it  to  be  disHnet  and  has  described  it  under  the  name  Chalcis  eomp^ 

SUUTK. 

Page  145,  line  14  from  bottom  for  "  Native  Parasite  of  chrysorrhtxa"  read  (?)  Phoroeera  leueanUs  Ooq. 

Plate  VI  (facing  p.  156),  line  2,  for  below,  at  read  Japanese  variety,  lower. 

Plate  VI  (facing  p.  156),  line  3,  omit  enlarged  and  somewhat  reduced. 

Plate  VI  (fEkcing  p.  156),  line  4,  omit  somewhat  reduced. 

Plate  VI  (being  p.  156),  line  5,  after  center  Insert  All  slightly  reduced. 

Plate  VII  (facing  p.  160),  line  2,  for  another  winter  nest  read  cocoon  in  leaf. 

Plate  Vn  (facing  p.  160),  line  3,  omit  somewhat  reduced. 

Plate  VII  (fiaclng  p.  160),  line  4,  for  the  eggs  hatching  read  torn  open,  showing  eggs. 

Plate  VII  (facing  p.  160),  line  5,  after  2ea/ insert  All  somewhat  reduced. 

Page  170,  line  5  from  bottom,  after  Staud  insert  period. 

Page  183,  line  2  from  bottom,  for  thelyotoky  read  arrhenotoky. 

Page  193,  line  2,  Apantelesfulvipes  Hal.  should  be  printed  in  10-point  small  capitals. 

Page  198,  line  11,  the  words  secondary  parasites  attacking  apanteles  should  begin  with  capitals. 

Page  199,  figure  34,  the  upper  6  in  cut  should  be  d. 

Page  199,  figure  34,  the  lower  c  in  cut  should  be  a. 

Page  213,  line  12,  for  are  read  is. 

Page  229,  line  5  from  bottom,  for  Liparis  read  Porthetria. 

Page  237,  line  12  from  bottom,  for  Hopleciis  read  Itoplectis. 

Page  237,  line  17  from  bottom,  after  Say  omit  period. 

Page  237,  line  18  from  bottom,  for  Hoplectis  read  Itoplectis. 

Page  258,  line  8,  for  arrhenotokous  read  thelyotokous. 

Page  258.  line  9,  for  i^elyotokous  read  arrhenotokous. 

Page  258,  line  15,  for  arrhenotokotu  read  thelyotokous. 

Page  267,  Table  XI,  column  2,  line  6,  after  Mesochorus  pallipes,  for  *  read  >. 

Page  267,  Table  XI,  column  2,  lino  8,  after  xreus,  for « read  ». 

Pago  285,  line  18  from  bottom,  for  consprrsm  read  eonspersa. 

Page  309,  line  7,  for  Caosoma  read  Calosoma. 

Page  310,  left-hand  column,  line  5,  between  Anastatus  and  bifasdatus  Insert  space. 

Page  310,  right-hand  column,  line  11,  for  silvatica  read  sylvaika. 
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f^ui.  55.  Bur««(.'  OT   Erton.O'Ogy.  U.  S.  Otpt.  ot  Ag»iculture. 


Plate  I. 


Fig.  1.— Orange  CovtRED  with  Sooty  Mold. 


Fig.  2.— Leaf  of  Orange  Coated  with  Sooty  Mold. 
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U.  S.  DEPARTMENT  OF  AGRICULTURE, 
BUKIAU  OF  IHT0M0L06T— BULLSTIH  Ho.  92. 

U  O.  HOWARD.  £■!»■  ilu><  mi  OU  M I 


ITTE  FLIES  INJURIOUS  TO  CITRUS 
IN  FLORIDA. 


BT 


A.  W.  MORRILL,  Ph.  D., 
E-  A.  BACK,  P».  D, 


Ihusd  July  12, 1911. 


WASHINGTON: 
QOVERNMENT    PRINTINO   OFFIOK 
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BUREAU  OF  ENTOMOLOGY. 

L.  O.  Howard,  Entomologiit  and  Chief  of  Btareau. 
G.  L.  Marlatt,  Entomologiit  and  Acting  Chuf  in  Absence  of  Chief, 
R.  S.  Clifton,  Executive  Assistant, 
W.  F.  Tastet,  Chief  Clerk, 
F.  H'.  Ohittbndbn,  in  charge  of  truck  crop  and  stored  product  insect  invesOgatums, 
A.  D.  Hopkins,  in  charge  of  forest  insect  investigations, 
W.  D.  HuNTBB,  in  charge  of  souihem  field  crop  insect  investigations, 
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LETTER  OF  TRANSMITTAL 


United  States  Department  of  Agriculture, 

Bureau  of  Entomology, 
Washington,  D.  C,  March  2,  1911. 

Sir:  I  have  the  honor  to  transmit  herewith,  for  publication  as 
Bulletin  92  of  the  Bureau  of  Entomology,  a  manuscript  prepared  by 
Drs.  A.  W.  Morrill  and  E.  A.  Back,  dealing  with  the  life  history  of 
the  white  flies  injurious  to  citrus  trees  in  Florida. 

The  investigation  of  the  citrus  white  flies  in  Florida,  under  the 
general  direction  of  the  assistant  chief  of  this  bureau,  Mr.  C.  L.  Marlatt, 
was  begun  in  1906,  and  is  now  approaching  completion.  There  has 
already  been  publishied  a  bulletin  (No.  76)  dealing  fully  with  the 
general  subject  of  fumigation  with  hydrocyanic-acid  gas  for  the  white 
fly.  A  circular  (No.  Ill)  has  also  been  issued,  giving  brief  directions 
for  winter  fumigation. 

The  present  publication  is  a  general  account  of  the  two  species  of 
white  flies  which  are  of  special  economic  importance  to  the  citrus 
grower  in  Florida.  The  publication  includes  the  history  of  these 
insects  in  the  United  States,  their  distribution  and  food  plants,  and 
a  very  detailed  study  of  the  habits  and  life  cycle  of  the  two  species. 
A  great  deal  of  painstaking  and  minute  work  has  been  done,  and  thei 
information  secured  furnishes  an  accurate  foundation  for  the  develop- 
ing of  the  best  means  of  control. 

Supplementing  this  publication,  which  deals  largely  with  life  his- 
tory and  habits,  it  is  proposed  to  publish  a  bulletin  on  control  by 
sprays,  fungi,  and  other  enemies,  and  to  supplement  or  reissue  in 
revised  form  the  bulletin  dealing  with  fumigation. 
Respectfully, 

L.  O.  Howard, 

Entomologist  and  Chief  of  Bv/reau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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DfTBODXTCnON. 

The  present  bulletin  includes  the  principal  results  of  studies  of  the 
two  species  of  white  flies  most  destructive  to  Citrus  in  the  United 
States,  commonly  known  as  the  citrus  white  fly  (Aleyrodea  citri  R. 
&  H.)  and  the  cloudy-winged  white  fly  {Aleyrodea  nuhifera  Berger), 
With  these  pests  successful  control  measures  must  be  based  on  a 
complete  understanding  of  the  insects  themselves.  On  this  account 
the  study  of  the  insects,  their  life  history,  seasonal  history,  habits, 
food-plant  relationships,  and  related  topics  has  occupied  an  unusually 
important  position  in  the  white-fly  investigations. 

The  authors  have  concluded  that  unless  natural  enemies  capable 
of  controlUng  the  two  white-fly  pests  are  existent  and  are  secured, 
control  measures  will  require  permanent  expert  supervision  for  the 
most  satisfactory  and  economical  results — ^not  supervision  of  work  in 
individual  citrus  groves,  but  supervision  aimed  principally  to  prop- 
erly correlate  individual  efforts  and  to  take  full  advantage  of  favoring 
local  conditions.  For  supervision  of  this  nature,  a  good  foundation 
of  extensive  and  reliable  studies  of  the  insects  is  necessary.  WhUe 
the  portion  of  the  white-fly  investigations  herein  reported  is  com- 
paratively extensive,  it  is  necessarily  not  exhaustive  and  in  the 
course  of  time  certain  features  of  this  work  can  undoubtedly  be  con- 
tinued with  profit  as  an  aid  to  the  future  improvement  of  control 
measures. 

The  white-fly  investigations  now  in  progress  were  begun  in  July, 

1906;  by  the  senior  author,  who  was  in  field  charge  up  to  the  time  of 

his  resignation  from  the  bureau  in  August,  1909,    The  junior  author's 

connection  with  these  investigations  dated  from  June,  1907.     The 

life-history  studies  of  the  first  two  years  have  been  largely  superseded 

by  the  more  extensive  work  of  the  third  year.    Practicdyiy  all  of  the 

data  presented  under  the  subjects  of  the  life  history  and  habits  and 

the  seasonal  history  of  each  species  are  based  on  studies  by  the  junior 

author  and  were  written  by  him.     The  remainder  of  the  bulletin  was 

written  by  the  senior  author. 
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8PB0IB8  OF  WHTTB  FLIB8  AFFBCmTG  CITBXrS. 

Twelye  species  and  one  subspecies  of  the  family  Aleyrodidffi  are 
kno¥m  to  breed  upon  citrus.  Tlie  list  of  these  insects,  the  authority 
for  the  original  description,  the  recorded  distribution,  and  the  food- 
plant  records  are  given  in  Table  I: 

Table  l.—Aleyrodidm  that  breed  upon  eUnu. 


Bpedes. 


D«iorlb6db7— 


Ooomraoos* 


Food  pfakoteothflr  than 
dtmsw 


AloTTodes  dtii  (syn.   su- 
r»nttl).>  • 

Atoyrodes  flooooM 

AloyrodM  ftortdends 


RHer  and  How- 

MaskeU 

Quatntmoo. ...... 


North  and  South  Amflrtoa, 
Asia,  Japan. 

Mexico.  Jamaica 

Unttad  States  (Florida).... 


Aloyrodea  clffardl . . 
AlayiodeB  nowardi . 


AloTTodea  marlattl 

Alejrrodea  mori 

Aleyrodea  mori  arisoDflasto . 
AloTTodea  nuUfera 


AlOTTodea  spinifera 

AleyrodeB  struthanthl . 

AloTTodea  vitrineUus  * . . 
ParaleyrodeB  pecBMB. . . , 


Kottaakj... 
QnaintaDoa. 


....do..., 
....do..., 
Cookeren.. 
Berger 


gnaintanoe. 
Hempel 


CookveU.... 
Quaintanoe. 


HawaU 

Cuba.  Unttad  States  (Ftor- 

Jkmui 

United  States  (Ftorida)... 
United  States  (Arisona). .. 
United   States   (Fkirlda, 
Louisiana},  Cuba. 

Java 

BraiU 


Mexloo 

United  States  (FkrUa)., 


See  list,  p.  29. 

QuaiaoaDi  offldnale. 
Peewagratlssiina  (alligator 

pear),  Pildlnm  goajaTa 

(gaara). 
None  recorded. 
Do. 

Dou 
Mulberry,  sweet  gnm,  eto. 
None  reoorded. 
FlousniUda. 

Rosaspp. 
Miohelk  flaTa.  J 
(stnithansQs)  <'y|fanlii, 


None  recorded. 
Do. 


Loranfhns 


>  Mr.  A.  L.  Oualntance,  after  careM  coniparison  of  material  fh>m  Maskell's  ooUeotlon,  evldeotly  type 
material,  with  A .  ekri,  oonchided  that  MaskeU's  aunntU  was  the  same  as  Riley  and  Howard^i  cUrL  Through 
the  kindness  of  Mr.  Quaintanoe  the  authors  haye  had  an  opportunity  to  Ay^«ii«i^  the  material  nfeired  to 
and  agree  with  him  in  considering  mmnuH  a  synonym  of  dm. 

s  There  seems  to  be  some  doubt  as  to  the  identity  of  the  food  plant  of  this  roedes,  for  in  ooDnectkm  with 
the  deecriptlon  the  anthodty  lor  it  gives  the  foUowmg  food  plant  record:  <'  On  the  under  side  of  leaves  whidi 
4>pear  to  oe  those  of  orange." 

Of  the  Aleyrodid»  referred  to  above,  A.  cUr%  A.  giffardi,  A.  hotvardi 
(PI.  n,  figs.  2,  4),  and  A.  nvMfera  are  known  to  be  orange  pests  or 
capable  of  becoming  orange  pests.  A.  floridensis,  A.  mori  (PL  11, 
fig.  1),  -4.  mori  arizonensiSy  and  Paraleyrodes  persese  (PL  11,  fig.  3) 
apparently  are  not  Ukely  to  cause  injury  to  citrus,  while  the  remainder 
of  those  listed  are  doubtful  in  this  respect. 

Paraleyrodes  persex  is  found  in  all  sections  of  Florida  and  is  fre- 
quently quite  abundant,  but  in  only  one  instance  has  it  been  known 
to  cause  blackening  of  the  foliage  of  citrus  trees.  This  was  in  the 
winter  of  1906-7  and  occurred  in  a  pinery  where  in  one  section  citrus 
nursery  trees  were  being  grown.  In  the  course  of  two  or  three  months 
after  being  first  noticed  the  insects  were  reduced  to  the  point  of 
scarcity  through  parasitism  by  a  new  species  of  Encarsia,  which 
Dr.  L.  O.  Howard  has  described  imder  the  name  of  Encarsia  variegaia. 
Observations  extending  over  three  years  indicate  that  this  parasite 
will  effectively  control  P.  persex  and  that  it  is  imlikely  that  tlus 
aleyrodid  will  ever  cause  noticeable  injury  under  ordinary  conditions. 
It  is,  however,  possible  that  the  appearance  of  a  prolific  hyperparasite 
of  Encarsia  variegata  might  seriously  interfere  with  the  present  equi- 
librium in  nature. 
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Plate  II. 


Florida  White  Flies  Mistaken  for  Citrus  and  Cloudy-Winged  White  Flies. 

Fig.  l^—Alrf,rt,flr.^  mort  tni  mulberry.  Fi^'.  2.— Wuollv  wiiitr  II v  iAhornd^s  honnnlh  (»n  (imn^i- 
\ig.'^.~l'nmh}irn'k>t  pcmn-  on  urunpe.  Fiir.  4.— WimjIIv  uiiitr  Jlv  {Ah  t,, •>>,/,. ■^  hominlh  ^lioV 
mg  eggs  in  circles  ami  adulL-^.     Fig.  ry.~Aff>/r»fh .<  s]k  on  seii  grain'.     {{ )rignml  ) 


Digitized  by 


Google 


Digitized  by 


Google 


THE  OITBUS  WHITE  PLY:  HISTOBICAIj  BEVIEW.  11 

The  woolly  white  fly  (Aleyrodes  Jiovxxrdi  Quaintance  (PL  11,  figs.  2, 
4))  was  first  discovered  id  tJus  country  at  Tampa,  Fla.,  by  the  junior 
author  in  November,  1909.  The  insect  appears  to  be  of  recent  intro- 
duction, since  the  infested  area  has  been  imder  observation  at  inter- 
vals dxuring  the  past  three  and  a  half  years  by  the  several  men 
connected  with  these  investigations.^ 

Of  the  four  species  known  to  be  destructive  to  citrus,  Aleyrodes 
dtri  and  A.  nubifera  are  included  in  the  investigations  herein  reported. 

THB  crrBxrs  whttb  fly. 

{Aleyroda  cUri  R.  d  H.) 

HISTORICAL  REVIEW. 

Obiqw. 

The  origin  of  the  citrus  white  fly  is  by  circumstances  quite  defi- 
nitely indicated  to  be  Asiatic.  The  present  known  occurrence  of  it 
in  Japan,  China,  and  India  will  be  referred  to  imder  the  subject  of 
distribution.  The  list  of  food  plants,  showing  as  it  does  the  natural 
adaptations  in  this  respect,  indicates  in  itself  that  the  fly  is  not 
native  to  either  North  or  South  America,  but  to  Asia.  Moreover,  if 
the  citrus  white  fly  were  a  species  native  to  the  Gulf  coast  r^on  of 
North  America,  or  if  it  had  been  introduced  before  1850,  it  would 
almost  certainly  have  become  a  pest  worthy  of  mention  by  Townend 
Glover  in  his  reports  on  the  orange  insects  of  Florida  published  in  the 
United  States  Agricultural  reports  for  1855  and  1858.  According 
to  these  reports  orange  growing  was  very  extensive  in  proportion  to 
the  population  and  very  profitable  in  spite  of  the  temporary  check 
due  to  the  freeze  of  1835.  The  principal  orange-growing  district  in 
Florida  was,  at  the  time  of  the  reports  of  Glover,  already  mentioned, 
the  northeastern  section  of  the  State,  along  the  St.  Johns  River  and 
at  St.  Augustine.  Orange  growing  on  a  large  scale  gradually  spread  to 
the  south  and  southwest,  the  center  of  production  being  correspond- 
ingly moved.  To-day  citrus  fruits  are  generally  grown  in  aU  the 
counties  of  the  peninsula  of  Florida,  yet,  according  to  the  authors' 
estimates,  only  about  40  per  cent  of  the  orange  groves  of  the  State  are 
infested  by  A.  cvtri.^  These  infestations  in  the  diflferent  sections  are 
almost  without  exception  readily  traceable  to  the  ordinary  sources 
of  dissemination,  with  all  the  evidence  strongly  against  the  fly  having 
been  a  native  species  infesting  uncultivated  food  plants.  The  same 
may  be  said  in  regard  to  the  occurrence  of  the  citrus  white  fly  in 
orange-growing  regions  in  Mississippi,  Alabama,  Louisiana,  and  Texas. 

»  The  Woolly  WTiite  Fly,  a  New  Enemy  of  the  Florida  Orange.  Bulletin  64,  Part 
VIII,  Bureau  of  Entomology,  U.  S.  Department  of  Agriculture,  1910. 

^A.  nvbifera  alone  occurs  in  not  more  than  5  per  cent  of  the  groves.  In  15  of  the 
40  per  cent  above  mentioned  both  A,  citri  and  A.  nubtfera  occur. 
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Easlt  HmoKT  Df  m  UimnD  Sbltbs. 

RQey  and  Howard  give  the  following  account  of  the  status  of  tbe 
citrus  white  fly  previous  to  1893: 

For  mftny  yean  «n  important  and  interesting  q>eciea  d  the  type  genus  has  been 
known  to  infest  orange  trees  in  Florida  and  in  more  northern  greenhouses,  and  more 
recently  the  same  form  has  appeared  in  injurious  numbers  in  the  orange  groves  of 
Louisiana.  In  the  Florida  Dispatch,  new  series,  Tolume  11,  November,  1885,  this 
species  received  the  name  of  ^ieyrMlstetA^  at  tiw  hands  <rf  Mr.  Ashmead.  The  Florida 
Dispatch,  however,  is  a  local  newspaper  of  no  scientific  pretensions,  and  the  deecrip- 
tion  accompanying  the  name  was  entirely  insufficient  to  enable  recognition  aside  from 
the  food  plant.  We  adopt  the  name  in  connection  with  a  full  description,  not  ^th  t 
view  of  encouraging  such  mode  of  publication,  which  is  not  sanctioned  by  the  canons 
of  nomenclature  formulated  and  generally  accepted,  but  as  a  manuscript  name,  sa^ 
factory  in  itself,  the  authority  to  be  recoi^iized  for  it  being  comparatively  inunateriaL 

Our  fint  acquaintance  with  the  species  was  in  June,  1878,  when  we  found  it  occur- 
ring in  profuse  abundance  on  the  leaves  of  the  citrus  trees  in  the  orangery  of  this 
department.  Some  observations  were  made  upon  its  life  history  during  that  summer, 
and  all  of  its  stages  were  observed.  During  the  following  years  we  observed  it  in 
Florida,  and  it  was  studied  by  two  of  our  agents,  Mr.  H.  G.  Hubbard,  at  Greaoeikt  City, 
and  the  late  Joseph  Voyle,  at  Gainesville.  The  species  was  not  treated  in  Mr.  Hub- 
bard'b  report  on  the  insects  affecting  the  orange,  as  we  wished  to  give  it  a  fuller  consid- 
eration than  could  then  have  been  given,  and  other  duties  {urevented  doing  so  in  time. 
Moreover,  at  the  time  when  Mr.  Hubbard's  report  was  prepared  the  insect  had  not 
become  of  especial  economic  importance. 

Since  that  time  many  further  notes  have  been  made  in  Wadungton,  and  -we  have 
received  the  species  from  Pass  Christian*  Miss.;  New  Orleans,  La. ;  Baton  Rouge,  La; 
Raleigh,  N.  C. ;  and  many  Florida  localities;  and  during  the  past  year  or  two  it  has 
become  so  multiplied  in  parts  of  Louisiana  and  Florida  as  to  deserve  inunediate 
attention. 

The  authors  quoted  above  specifically  recorded  the  occurrence  of 
the  white  fly  in  Florida  only  at  Gainesville  (Alachua  County),  Creft- 
oent  Gty  (Putnam  County),*  and  Manatee  (Manatee  County).  Dr. 
H.  J.  Webber  in  1897  (basing  his  statement  on  records  in  1893  and 
1894)  referred  to  the  occurrence  of  the  white  fly  at  the  following  addi- 
tional points:  Evinston  (Alachua  Coimty),  Ocala  and  Citra  (Maxioii 
County),  Ormond  (Volusia  County),  Panasoffkee  (Sumter  County), 
Orlando  (Orange  County),  Bartow  (Polk  County),  and  Fort  Myers 
(Lee  County) .  Prof.  H.  A.  Gossard  in  1 903  mentioned  only  the  follow- 
ing additional  localities  specifically:  Tallahassee  (Leon  County),  Lake 
City  (Columbia  Coimty),  Jacksonville  (Duval  County),  and  c3andler 
(Marion  County).    In  the  same  publication  the  following  additional 

1  Examination  of  the  specimens  of  white  fiiee  in  the  coUeotion  of  the  Hiu^au.  d 
Entomdogy,  coUected  by  Mr.  H.  Q.  Hubbard  in  18»6  and  bearing  the  locality  labd 
' *  Creacent  City, ' '  indicate  that  this  record  with  little  doubt  refers  to  AUyrodes  ^%Unfen. 
Gircimutances  known  to  the  authors,  but  which  need  not  be  discussed  here,  alio^w  Uiat 
with  little  doubt  the  citrus  white  fly  was  the  species  present  at  Crescent  City  before 
the  freeee  of  the  winter  of  1894-6.  The  specimens  coUected  by  Mr.  Hubbard  probablT 
came  from  the  Hubbard  grove  at  Haw  Creek,  several  miles  southeast  of  Cresceixt  City 
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counties  ware  reported  more  or  leas  infested  without  reference  to 
definite  localities:  Baker,  JtSetsoa,  Leon,  and  Brevard. 

Messrs.  Riley  and  Howard  and  Dr.  H.  J.  Webber  advance  no  theo- 
ries in  regard  to  the  original  Florida  infestations.  Prof.  Gossard, 
however,  has  the  following  to  say  in  regard  to  the  matter: 

The  fly  seems  to  have  been  first  known  throughout  the  region  comprised  in  Volusia^ 
Marion,  Lake,  Alachua,  and  Orange  Counties,  from  which  I  have  little  or  no  doubt 
it  was  transferred  to  the  Manatee  country  and  to  local  centers  along  the  northtfii 
bofdets  ol  the  State. 

According  to  reliable  information  received  from  Mr.  M.  S.  More- 
man,  of  Switzeriand,  Fla. ;  Mr.  A.  M.  Terwilliger;  of  Mims,  Fla.;  and 
Mr.  T.  V.  Moore,  of  Miami,  Fla.,  the  catnis  white  fly  appeared  in  the 
northern  part  of  St  Johns  County  at  a  date  which  indicates  that  this 
aectMi  was  one  ai  the  first  or  possibly  the  first  to  be  infested  in  the 
State  of  Florida.  Mr.  Terwilliger  informs  us  that  he  first  observed 
the  white  fly  at  Fruit  Cove  on  the  St.  Johns  River  in  1879  in  a  grove 
of  laife  seedling  tvees  owMd  by  Col.  MoGUl.  The  MoGill  grovo 
adjoined  the  grove  of  tiie  Bev.  T.  W.  Moore,  whose  wm,  Mr.  T.  V. 
Moore,  corroborates  Mr.  Terwilliger  on  the  point  of  the  occurrenoe 
of  the  white  fly  in  this  oectioa  prior  to  1880.  According  to  Mr. 
Moreman  the  white  fly  was  known  in  the  vicinity  of  Switaeriand  on 
the  St.  Johns  River  in  1882,  and  was  first  discovered  in  his  own  grove 
in  1888.  The  species  oone^med  is  with  little  doubt  the  citrus  white 
fly,  A.  ciiri,  for  the  authors  and  Mr.  W.  W.  Yothera  have  be^i  unable 
to  find  specimens  of  any  other  species  at  Switzerland  or  St.  Augus- 
tine, the  two  points  vi^ted  in  the  northern  part  of  St.  Johns  County, 
or  at  Green  Cove  ^mngs,  located  a  few  miles  below  Switzerland  on 
the  west  side  of  the  St.  Johns  River  in  Clay  Coimty.  These  early 
nqports  of  the  citrus  white  fly  in  this  section  of  the  State  are  supp<^led 
by  the  fact  that  the  earliest  collected  specimens  of  this  species  in  the 
coUectioii  of  the  Bureau  of  Entomology  bear  the  date  1888  and  the 
locality  label  ''St.  Nicholas,"  a  point  located  in  Duval  County  about 
15  miles  north  of  Fruit  Oove. 

Interestmg  information  conoeming  the  early  history  of  whdte^fly 
infesrtattons  in  Florida  has  been  obtained  from  Messrs.  Boriand  and 
Kells,  citrus  growers  at  Buckingham,  Lee  County,  Fla.,  formerly  of 
Citra,  Marion  Coimty.  According  to  these  gentlemen,  the  presence 
at  or  near  Panasoffkee,  in  Sumter  County,  Fla.,  of  a  small  white 
insect  which  caused  blackening  of  the  foliage  of  orange  trees  became 
known  among  orange  growers  around  Citra,  at  that  time  in  the 
heart  of  the  orange-growmg  district  of  Florida,  in  1881  or  1882. 
Tfce  grove  of  Bisftiop  Young,  of  Panasoffkee,  was  one  of  the  first 
reported  infested.  It  is  believed  that  Bishop  Young,  after  traveling 
in  Asia  (Palestine  f ),  brought  \)eLck  with  him  plants  which  lie  set  out, 
and  in  a  j^ar  or  two  thereafter  blackening  of  the  foliage  of  near-by 
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citrus  trees  in  association  with  a  new  insect  pest  first  became  notice- 
able.  The  white  fly  affecting  citrus  trees  at  Panasoffkee  was  exter- 
minated by  the  freeze  of  1894-1895  and,  so  far  as  the  authors  can 
learn,  has  not  reappeared.  There  seems  to  be  at  present  no  means  of 
determining  whether  the  report  given  above  refers  to  the  citrus 
white  fly  or  to  the  cloudy-winged  white  fly. 

Mr.  A.  J.  Pettigrew,  of  Manatee,  Fla.,  a  reliable  observer  who  has 
been  in  the  citrus  nursery  and  orange-growing  business  in  Manatee 
County  since  1884  and  who  has  been  familiar  with  the  white  fly  since 
its  first  discovery  in  that  country,  has  furnished  the  authors  with  a 
statement  concerning  the  early  history  of  the  pest  in  that  section  of 
Florida.  According  to  Mr.  Pettigrew,  Messrs.  C.  H.  Foster  and  F.  N- 
Horton  each  received  from  Washington,  D.  C,  6  tangerine  trees  in 
1886  or  1887 — as  near  as  can  be  determined  at  this  time,  although 
possibly  earlier  by  a  year  or  two.  A  year  or  two  after  the  trees  were 
received  and  planted,  the  fly  was  noted  by  Mr.  Pettigrew  as  abundant 
on  a  rough  lemon  near  one  of  these  tangerines,  and  the  following  year 
it  was  first  noted  as  abundant  in  a  seedling  orange  grove  near  by^ 
At  Mr.  Pettigrew's  suggestion  specimens  were  sent  to  the  Department 
of  Agriculture  at  Washington  and  identified  as  a  white  fly.  These 
specimens  were  probably  sent  to  Washington  in  1891,  for  a  letter 
from  Mr.  Foster,  dated  January  8  of  that  year,  was  published  in 
Insect  Life*  with  the  reply.  The  oldest  specimens  of  the  citrus 
white  fly  now  in  the  collection  of  this  bureau,  which  were  collected 
in  Manatee  County,  Fla.,  bear  the  date  of  March  5, 1891,  with  ''Man- 
tee"  as  the  locality  record.  These  were  probably  sent  in  by  Mr. 
Foster  in  connection  with  later  correspondence  than  that  referred 
to  above. 

Concerning  the  history  of  the  citrus  white  fly  in  Louisiana,  Prof. 
H.  A.  Morgan  in  1893  made  the  following  statement: 

This  pest,  common  from  Batx)ii  Rouge  to  the  Gulf,  is  known  as  the  white  fly.  Orange 
growers  claim  that  it  has  been  recently  introduced^that  is,  within  the  last  ten  years — 
and  it  is  supposed  to  have  come  in  upon  plants  brought  to  the  New  Orleans  exposition 
in  the  year  1885.  The  present  wide  distribution  of  the  white  fly  in  the  southeastern 
United  States  is  due  to  the  lack  of  restrictions,  until  very  recently,  against  shipments 
of  infested  nursery  stock  and  of  privets  and  the  Cape  jessamine. 

Literature. 

The  citrus  white  fly  was  first  given  a  vaUd  scientific  name  and 
adequately  described  by  Riley  and  Howard  in  an  article  published 
in  Insect  Life^  in  April,  1893.  Following  the  accoimt  of  the  early 
history  heretofore  quoted,  these  authors  describe  the  different  stages 
of  the  insect  in  detail,  give  an  accoimt  of  the  habits  and  life  history, 
and  give  records  with  discussion  of  results  obtained  by  a  correspondent 

>  Insect  Life,  vol.  4,  p.  274.  *Id.,  vol.  5,  no.  4,  pp.  21^226, 1893. 
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in  Manatee  County,  Fla.,  who  had  undertaken  some  cooperative 
experiments  in  spraying. 

During  the  same  year  (1893)  Prof.  H.  A.  Morgan,  then  entomologist 
of  the  Louisiana  Agricultiu*al  Experiment  Station,  gave  an  account  of 
the  citrus  white  fly  in  Louisiana  in  a  bulletin  of  that  station^ 

The  Division  of  Vegetable  Physiology  and  Pathology  of  the  United 
States  D^artment  of  Agriculture  began  investigations  of  citrus 
diseases  in  Florida  in  1893.  These  included  investigations  of  the 
"sooty  mold"  resulting  from  white-fly  infestation,  and  the  first  report 
on  the  subject  was  published  by  Swingle  and  Webber  in  1896  *  and  a 
more  extended  report  by  Dr.  H.  J.  Webber  in  1897.'  Conclusions 
from  a  series  of  spraying  experiments  are  included  in  this  pubUca- 
tion  and  many  important  observations  are  recorded,  particularly  in 
connection  with  the  two  most  useful  fimgous  enemies  of  the  white  fly 
which  were  discovered  by  Dr.  Webber  in  the  course  of  his  work. 

Prof.  H.  A.  Gossard,  then  entomologist  of  the  Florida  Agricultural 
Experiment  Station,  published,  in  1903,*  an  account  of  the  white  fly 
situation  up  to  that  time,  with  his  conclusions  from  observations 
extending  over  several  years. 

In  a  volmne  entitled  ''Citrus  Fruits,"  published  in  1904  by  Prof, 
H.  H.  Hume,  four  chapters  are  devoted  to  citrus  insect  pests  and 
methods  of  control,  the  white  fly  receiving  due  attention. 

Since  the  present  investigations  by  the  Bureau  of  Entomology  have 
been  in  progress,  Dr.  Berger,  entomologist  of  the  Florida  Experiment 
Station,  has  published  two  bulletins^  which  present  a  summary  of 
white-fly  conditions  with  recommendations  for  control,  particularly 
with  reference  to  the  use  of  fungous  enemies.  In  the  later  pub- 
lished of  the  two  mentioned,  the  specific  distinctions  are  pointed  out 
and  illustrated,  separating  from  the  common  A.  citri  the  form  which 
Dr.  Berger  has  named  A.  nubifera. 

Messrs.  P.  H.  Rolfs  and  H.  S.  Fawcett,  in  a  bulletin  issued  in  July, 
1908,'  discuss  in  a  general  way  the  use  of  fungous  parasites  of  the  white 
fly  in  Florida  and  give  recommendations  for  the  introduction  of  the 
three  most  common  species.  The  most  important  contribution  to  our 
knowledge  of  the  fungous  parasites  of  the  citrus  white  fly  is  contained 
in  a  paper  by  Prof.  H.  S,  Fawcett,  pubhshed  in  1909.^ 

'  The  Orange  and  Other  Citrus  Fruits.  By  W.  C.  Stubbs  and  H.  A.  Morgan.  Spec.. 
Bui.  La.  Agr.  Exp.  gta.,  pp.  71-73, 1893. 

2  The  Principal  Diseases  of  Citrus  Fruits  in  Florida.  By  W.  T,  Swingle  and  H.  J. 
Webber.    Bui.  8,  Division  of  Vegetable  Physiology  and  Pathology,  pp.  25-28, 1896. 

*  The  Sooty  Mold  of  the  Orange  and  its  Treatment.  Bui.  13,  Division  of  Vegetable 
Physiolpgy  and  Pathology,  U.  S.  Department  of  Agriculture,  1897. 

*  White  Fly.    Bui.  67,  Fla.  Agr.  Exp.  Sta.,  June,  1903. 

*  White  Fly  Conditions  in  1906,  the  Use  of  Fungi.  Bui.  88,  Fla.  Agr.  Exp.  Sta.,  Jan- 
uary, 1907;  White  Fly  Studies  in  1908,  Bui.  97,  Fla.  Agr.  Exp.  St^.,  February,  1909. 

*  Bui.  94,  Fla.  Agr.  Exp.  Sta.,  July,  1908. . 

'  Special  Studies  No.  1,  University  of  State  of  Florida,  1909, 
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'In  Louisiaxia  the  dmnand  for  information  concerning  the  citroB 
white  fly  has  resulted  in  a  publication  on  this  subject  by  Mr.  A.  H. 
Ros^eld  in  1907.^  The  discoyery  of  the  white  fly  in  California  in 
the  same  year  led  to  the  pubBcatiraL,  by  Prof.  C.  W.  Woodworth,  of  a 
circular  of  general  informati<m,'  and  of  a  second  circular'  deaUag 
with  the  methods  of  eradication  that  were  being  enif^yed  in  that 
State.  A  very  complete  account  of  the  white-fly  infeertation  in  Cali- 
fomia  was  given  by  Mr.  C.  L.  Marlatt,  assistant  entomcJogist  of  the 
Bureau  of  Entomology^  brfore  the  Entomological  Society  of  Wash- 
ington.^ 

The  foregoing  paragraj^  refer  to  the  principal  pfil^cations  in 
which  the  citrus  white  fly  is  treated,  exclusive  of  aboit  papa«  in  hor- 
ticultural periodicals,  press  bulletins,  experiment  station  Teports,  and 
transactions  of  the  Florida  State  Hertk^idtural  Society.  Numerous 
press  btilletins  have  been  issued  by  tiie  Florida  State  Experment  Sta- 
tion dedUng  with  several  phases  of  ^liiite-fly  <x>nt3t>l  and  written  from 
time  to  time  as  the  occasion  demanded  by  ^raf .  Gossard,  Br.  SeMards, 
Dr.  Berger,  and  iVof .  Fawcett. 

Reviews  of  the  white-fly  situation  for  the  year,  with  notes  on  new 
observations,  have  been  included  in  their  annual  imports  by  eack  of 
the  first  three  named,  who  liave  served  snooessively  as  ^mtcNsicdogist 
at  the  Florida  fis^^erimeiit  Station.  Many  important  papers  and  dis- 
cussions on  the  white  fly  have  been  published  in  the  Transactions  of 
the  State  Horticultural  Society,  but  for  tbe  most  psjrt  iXrase  have 
been  incorporated  or  the  ground  covered  more  fufiy  in  the  r^ukir 
buUetios  r^erred  to. 

Taken  as  a  whole,  the  literatai«  xm  the  tntrus  wbke  fly  is  quite 
extensive,  giving  a  f  airiy  good  idea  of  the  status  of  the  white  fly  and 
progress  in  methods  of  control  from  year  to  ye«r  siAoe  ttie  publi* 
cation  of  the  paper  by  Riley  and  Howard  referred  i>o  in  the  ^>pening 
paragraph. 

The  description  of  the  different  stages  and  the  account  of  the  life 
history  and  habits  of  the  citrus  white  fly  by  Riley  and  Howard  bave 
been  followed  quite  closely  by  subsequent  writers,  few  additional 
records  having  been  made  up  to  the  beginning  of  the  present  investi- 
gations. Records  of  food  plants,  miscellaneous  life-^history  records, 
geaeral  peenlts  of  field  experiments,  and  conclusions  from  general 
observations  on  the  efficiency  of  sprajdng,  fumigating,  and  natund 
coDttrol  by  fungous  diseases  have  been  published  by  Messrs.  H.  J. 
Webber,  H.  A.  Gossard,  E.  H.  Sellards,  E.  W.  Berger,  and  H.  S, 
Fawcett.     Comparatively  little  real  data  has  been  published  so  far  in 

'  Oiicidar  18,  State  Crop  Peet  Commiasion  of  Louisiana,  1907. 
'  Circuliu:  30,  OaUfornia  Agricultural  Experiment  Station,  1907. 
'    *  Circular  32,  California  Agricultural  Experiment  Station,  1907. 

*  ProceedingB  of  the  Entomolqgical  Society  of  Washington,  vol.  9,  pp.  121-123, 1908. 
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ooimection  with  experimental  woriE  with  the  white  flj.  A  review  of 
all  the  literattire  to  date  shows  that  data  haye  beeoi  published  oft  the 
effect  of  kerosene  emulsion  on  white-flj  eggs,  by  Riley  sad  Howard; 
on  the  subject  &t  effects  of  cold  upon  whit?e41y  krv»  and  pupft,  by 
Prof.  Oossard;  on  the  percentage  of  trees  infected  by  the  spore- 
fraying  method  of  introducing  the  fungous  parasites,  and  on  the 
amount  of  honeydew  secreted  by  the  larv»  of  the  inseet>  by  Dr.  E.  W. 
Belter;  upon  subjects  related  to  fumi^tion,^  by  the  senior  author  of 
the  present  bulktin;  and  on  laboratory  experiments  with  the  fungous 
parasites,  by  Fkt>f .  IL  S.  Fawcett.  Aside  from  the  above,  jn^cticidiy 
no  data  have  been  heretofore  published. 

INJURY. 
NATURis  OF  Injubt. 

The  direct  injury  by  the  citrus  white  fly  may  be  included  under 
two  main  heads:  (1)  Injury  by  removal  of  sap  from  foliage,  and  (2) 
injury  from  fungous  growth  ^own  as  sooty  mold  (Meliola),  which 
develops  upon  foliage  and  fruit  on  the  excretions  of  the  insects. 

The  direct  injury  is  principally  included  as  loss  in  value  of  trees, 
extara  expenses  of  maintenance,  and  losses  from  scale  insects  and  dis- 
eases, which  more  seriously  affect  white-fly  infested  trees. 

LOSS  OF  SAP. 

The  amount  of  bb^  extracted  by  the  insects  is  not  generally  con- 
sidered an  item  of  great  importance  compared  with  the  injury  from 
sooty  mold.  While  the  extraction  of  sap  by  itself  probably  would 
not  cause  sufficient  iiijury  to  make  the  white  fly  rank  as  an  important 
citrus  pest,  it  is  doubtless  of  considerable  importance  when  combined 
with  the  lowered  assimilative  powers  of  the  foliage  due  to  the  sooty 
mold.  As  mentioned  more  in  detail  under  the  subject  of  feeding 
habits,  it  has  been  estimated  that  the  loss  of  sap  per  day  amounts  to 
about  one-half  of  a  pound  for  1,000,000  larvse  and  pup». 

SOOTY  MOLD. 

Sooty  mold  is  the  principal  evidence  of  white-fly  injury,  and  is  the 
most  important  element  of  damage,  affecting  both  the  foliage  and  fruit. 
(See  PL  I,  frontisiriece.)  No  special  attention  has  been  given  by  the 
authOTs  to  its  botanical  aspects,  but  the  following  notes  concerning  it 
are  taken  mainly  from  Dr.  H.  J.  Webber's  report  on  this  subject:* 

t  Fumigation  for  the  Citrus  White  Fly  as  adapted  to  Florida  Conditions.  Bulletin 
76,  Bureau  of  Entomology,  U.  S.  Department  of  Agriculture,  Oct.  31, 1908. 

*  Bulletin  13,  Division  of  Vegetable  Physiology  and  Pathology,  U.  S.  Department 
of  Agriculture,  pp.  5-11, 1897. 

59131**— Bull.  92—12 2 
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The  sooty-mold  fungus  is  a  species  of  the  genus  MeUola  ^  of  the 
order  Pyrenomycetes.  Dr.  Webber  states  that  in  Florida  and  Loui- 
siana it  is  quite  generally  known  as  smut  or  black  smut,  but  as  the 
fungus  concerned  is  not  a  smut  fimgus  these  terms  are  erroneous, 
and  their  use  should  be  discontinued.  When  abundant  on  leaves  and 
fruit  of  citrus,  this  fungus  forms  a  dark-brown  or  black  membranous 
coating  composed  of  densely  interwoven  branched  mycelial  filaments. 
At  first  this  coating  covers  only  limited  spots  or  is  not  thick  enough 
to  form  a  distinct  membrane,  but  later,  if  the  honeydewHsecreting 
insects  itre  abundant,  the  coating  becomes  thick  enough  to  be  entirely 
removed  from  the  leaf  and  torn  like  paper.     (PL  lU,  figs.  1,2.) 

Frequently  the  fungus  membrane  becomes  detached  at  some  point 
and  is  caught  by  the  wind  and  large  fragments  torn  off.  These 
fungus  fragments  are  found  scattered  about  in  badly  infested  groves 
in  the  fall,  being  especially  noticeable  during  the  winter  after  a  high 
wind  or  after  the  trees  have  been  sprayed. 

Dr.  Webber  recognized  several  forms  of  reproductive  agents,  which 
are  easily  distributed  by  various  means,  but  principally  by  winds. 
The  fungus  is  entirely  saprophytic  in  so  far  as  known,  deriving  its 
nourishment  from  the  honeydew  secreted  by  certain  insects.  As  such 
honeydew  falls  mostly  on  the  upper  surface  of  the  leaves  and  on  the 
upper  half  or  stem  end  of  the  fruit,  the  sooty  mold  develops  most 
densely  in  these  places,  but  it  is  usually  present  to  a  greater  or  less 
extent  on  the  lower  surface  of  the  leaves,  sometimes  developing  in 
tufts  on  drops  of  honeydew  which  diseased  insects  fail  to  expel  in  a 
normal  manner.  Sooty  mold  also  develops  on  the  twigs  and  in 
some  cases  on  the  sides  of  buildings  when  heavily  infested  trees  are 
growing  near  by. 

Seasonal  history  of  sooty  mold, — The  sooty  mold  resulting  from  the 
attacks  of  the  citrus  white  fly  is  most  abundant  late  in  the  season. 
Very  Uttle  sooty  mold  develops  during  the  winter  months,  while  the 
films  of  blackish  mycelium  gradually  become  removed  from  the  leaves 
by  winds  and  rains  and  much  is  knocked  off  in  picking  the  fruit,  iu 
spraying,  pruning,  fumigating,  etc.  The  thicker  the  coating  of  sooty 
mold,  the  more  readily  and  thoroughly  it  is  removed.  By  the  time 
of  the  appearance  of  the  new  spring  growth  the  greater  part  of  the 
sooty  mold  on  the  old  leaves  has  disappeared  and  from  this  time  to 
the  Ist  of  May  there  is  very  Uttle,  if  any,  evidence  of  a  new  growth 
of  this  fungus.  Slight  blackening  of  spring  growth  has  been  noted 
as  far  north  as  Island  Grove  in  Alachua  County,  Fla.,  as  early  as 
May  20,  the  average  number  of  Uve  larvsB  and  pup»  per  leaf  being 
estimated  as  about  50,  not  including  old  leaves  which  were  practically 
uninfested.     By  June  20,  leaves  from  Mcintosh,  in  the  same  county, 

1  Generally  referred  to  M.  camellise  (Catt.)  Sacc.,  but  perhaps  including  more  than 
one  species. 
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Plate  III. 


Sooty  Mold. 

Fig.  1.— Sooty  mold  on  orange  leaf  following  wlilte-fly  attack:  broken  and  falling  from  leaf. 
Fig.  2. — Sooty  mold  on  cinnamon  tree  following  attacks  by  cinnamon  scale.    (Original.) 
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with  an  average  of  about  11  live  larvae  and  pupa  cases  ^  per  leaf,  were 
slightly  blackened.  In  general,  heavy  coats  of  sooty  mold  on  leaves 
are  common  in  Florida  by  the  Ist  of  June  in  groves  heavily  infested 
by  the  citrus  white  fly. 

Effect  of  sooty  mold  on  leaf  functions, — Dr.  Webber  has  discussed 
the  effect  of  sooty  mold  on  leaf  functions  in  the  report  already  referred 
to,  and  as  there  is  nothing  to  add  at  this  time,  the  following  paragraph 
(pp.  10-11)  is  quoted: 

When  it  is  remembered  that  varioue  investigations  have  shown  that  the  process  of 
phytosyntax  '  is  almost  entirely  checked  in  a  plant  placed  in  the  back  part  of  a  living 
room,  opposite  a  window,  where  the  light  is  fairly  bright,  but  diffused,  it  can  readily 
be  judged  that  the  effect  of  the  dark,  compact  mycelial  membrane  of  the  sooty  mold 
covering  the  leaves  would  be  to  almost  wholly  check  the  process  of  phytosyntax  in  the 
orange  tree.  Quite  bright  or  direct  sunlight  is  necessary  for  the  best  results.  The 
injurious  effects  of  sooty  mold  on  the  phytosyntax  was  clearly  demonstrated  by  Bu^gen. 
He  removed  the  fungus  membrane  from  a  small  portion  of  a  leaf  and  exposed  the  leaf 
to  the  sun .  In  the  evening,  after  a  sunny  day,  the  leaf  was  plucked  and  the  chlorophyll 
extracted  with  alcohol.  After  this  leaf  was  treated  with  iodine,  the  parts  from  which 
the  membrane  had  been  removed  in  every  case  stained  a  dense  blue,  indicating  the 
formation  of  an  abimdance  of  starch,  while  the  siurounding  portions  of  the  leaf,  which 
were  protected  from  the  sun  by  the  fungus  membrane,  remained  entirely  uncolored, 
showing  that  no  starch  was  formed.  The  stomata,  or  breathing  pores,  are  also  to  some 
extent  closed  by  the  sooty  mold,  and  in  this  way  the  passage  of  gas  is  more  or  lees 
hindered.  In  the  orange  leaf,  however,  the  stomata  are  confined  to  the  lower  surface, 
where  generally  there  is  but  little  sooty  mold.  In  plants  where  the  stomata  are  on  the 
upper  surface  of  the  leaf  also,  the  damage  resulting  from  the  obstruction  of  the  passage 
of  gases  would  probably  be  considerably  greater. 

Extent  op  Injury. 

In  the  following  discussion  the  statements  concerning  injury  and 
the  estimates  of  the  extent  of  this  injury  by  the  citrys  white  fly  refer 
to  groves  in  which  the  fly  has  become  well  established  and  in  which 
no  remedial  measures  have  been  practiced. 

INJURY  TO  FRUIT. 

Unless  otherwise  stated,  oranges  and  tangerines  are  referred  to. 
These  constitute  more  than  88  per  cent  of  the  citrus  fruit  crop  of 
Florida.  The  total  injury  to  grapefruit  by  the  citrus  white  fly  is 
rarely  over  15  per  cent  and  is  frequently  inappreciable. 

Ripening  retarded, — Ripening  of  fruit  on  heavily  infested  citrus  trees 
is  greatly  retarded,  and  in  case  of  the  formation  of  a  very  heavy  coat- 
ing of  sooty  mold  on  the  upper  half  of  the  orange  the  rind  underneath 
it  may  remain  green  indefinitely  while  the  lower  half  of  the  fruit  is 

1  Some  of  the  first  generation  had  matured,  but  are  properly  included  with  the 
iiiBecte  responsible  for  the  sooty  mold  present. 

^  * '  Phytosyntax  * '  refers  to  the  process  of  the  formation  of  complex  carbon  compoimds 
out  of  simple  ones  under  the  influence  of  light;  '  'photosynthesis' '  is  a  more  common 
term  for  this  px>cess  of  assimilation. 
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wdl  colored.  The  retardation  of  ripening,  delaying  as  it  does  in  some 
cases  the  time  when  the  fruit  is  marketable  and  materially  increasiiig 
the  percentage  of  cuUs,  causes  injury  which  is  rery  conserrativdy 
estimated  to  range  from  2  to  5  per  cent  of  the  value  of  tiie  carop.  TIm 
injury  to  grapefruit  in  retardation  of  ripening  by  the  citarus  white  fly 
is  much  less,  Ytnymg  from  none  at  all  to  2  or  3  per  cent. 

Number  and  siee. — ^The  greatest  injury  by  the  white  fly  is  in  the 
reduction  of  the  salable  crop  of  fruit.  Dr.  Webber  on  this  point 
makes  the  following  statement:^ 

The  effect  of  the  sooty  mold  on  the  oniige  is  very  noticeable,  (he  gnrwOt  being 
ii0uaUy  greatly  retaided  and  the  blooming  and  fruiting  Kght.  In  serious  cases  growth 
is  frequently  entirely  checked,  and  blooming  and  fruiting  irbolly  suppressed  \mtal 
relief  is  obtained. 

Prof.  Gossard  has  estimated'  that  during  a  ^-year  period  the 
reduction  in  yield  due  to  the  citrus  white  fly  is  from  25  to  40  per  eent. 

Replies  to  a  circular  letter  of  inquiry  addressed  to  orange  growers 
and  the  observation  of  the  authors  in  Florida  indicate  that  the  reduc- 
tion in  yield  due  to  the  citrus  white  fly  amounts  to  50  per  cent^  on 
the  average,  when  no  artificial  methods  of  control  are  practiced. 

From  information  received  from  many  growers  and  from  personal 

observation,  the  authors  would  estimate  that  with  continued  good  care 

and  with  the  additional  fertilizer  usually  given  infested  trees  &e 

-reduction  in  yield  in  different  groves  in  a  series  of  years  amounts  to 

an  average  between  20  and  50  per  cent. 

The  decrease  in  yield  due  to  white-fly  infestation  ordinarily  consists 
of  a  decrease  in  the  actual  number  of  fruit  produced  and  also  in  the 
packing  size.  From  information  obtained  it  seems  a  conservative 
estimate  to  consider  that  oranges  and  tangeriiies  are  reduced  either 
one  or  two  packing  sizes  as  a  result  of  white-fly  attack.  For  each 
packing  size,  the  number  of  reduced  fruit  remaining  the  same,  the 
reduction  in  the  crop  would  average  about  12.5  per  cent. 

Expense  of  cleaning. — Fruit  noticeably  affected  with  sooty  mold 
requires  cleaning  before  marketing.  One  of  the  most  economical 
machines  for  washing  fruit  used  in  Florida  is  a  California  washer  used 
by  Mr.  F.  D.  Waite,  of  Palmetto,  and  Mr.  F.  L.  Wills,  of  Sutherland. 
The  cost  of  washing  with  these  machines  ranges  from  1.4  to  2.5  cents 
per  box.  The  cost  of  cleaning  with  the  simplest  machines  is  about 
5  cents  per  box.  Mr.  E.  H.  Walker,  of  Orlando,  Fla.,.  estimates  the 
cost  of  hand  cleaning  oranges  at  10  cents  per  box  as  a  minimum  and 
7  cents  a  box  for  cleaning  grapefruit.  In  consideration  of  the  fore- 
going it  is  estimated  that  the  range  in  cost  of  cleaning  the  sooty 
mold  from  fruit  to  be  from  1  to  10  per  cent  of  the  value  of  the  crop. 

Shipping  and  "keeping  quality. — The  sooty  mold  produced  by  the 
white  fly  and  other  citrus  pests  does  not,  so  far  as  known,  affect  the 

>  Loc.  cit.,  p.  9.  »  Bui.  67,  Fla.  Agr.  Exp.  Sta.,  p.  617. 
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ahipping  quality  of  the  fruit  directly,  but  the  processes  of  cleaning 
have  been  proved  to  be  of  considerable  importance  in  tiiis  respect. 
The  subject  of  the  deterioration  in  shipping  quality  of  citrus  fruits 
has  been  thorough^  investigated  in  California  by  agents  of  the 
Bureau  of  Plant  Industry  under  the  direction  of  Mr.  G.  H.  Powell.* 
Their  report  shows  in  a  conclusive  manner  that  the  amount  of  decay 
in  shipment  is  very  materially  increased  by  brushing  or  washing  the 
fruit  to  remove  the  sooty  mold.  Table  II,  arranged  from  data  pub- 
lished in  the  report  referred  to,  shows  the  effect  of  dry  brushing  and 
washing  fruit  on  the  percentage  of  decay.     • 

Table  II. — Effect,  on  decay,  of  cleaning  iooty  mold  from  fruit. 


Record 
No. 

Unbrushed 
fruit  ap- 
parenUy 
sound. 

brushed 
fruit  ap- 
pareotly 
sound. 

Washed 
fruit  ap- 
parently 
sound. 

1 

2 

3 

Percent. 
2.7 
1.9 

Percent 
6.6 
4.2 
1.8 

Percent. 
17.8 

lao 

2.6 

It  will  be  observed  that  dry  brushing  increased  the  amount  of 
decay  to  about  two  and  one-half  times  the  decay  in  the  unbrushed  in 
record  No.  1,  and  to  about  two  and  one-fifth  times  in  record  No.  2. 
Washing  increased  the  amount  of  decay  to  about  six  and  two-thirds 
times  in  record  No.  1,  and  to  about  five  and  one-fifth  times  in  record 
No.  2. 

The  injury  from  cleaning  the  fruit  is  due  to  the  increased  opportu- 
nities for  infection  with  spores  of  the  blue  mold  and  to  mechanical 
injuries  in  the  process  of  cleaning.  The  chances  of  decay  are  still 
further  increased  whenever  the  fruit  is  not  thoroughly  dried  before 
packing.  Washing  in  constantly  running  water  or  by  running  the 
fruits  through  brushes  with  water  constantly  sprayed  over  them  is 
considered  much  less  objectionable  than  the  ordinary  systems. 

Flmxyr. — The  attack  of  the  white  fly  is  generally  supposed  to  affect 
the  quaUty  of  the  fruit  in  a  marked  degree.  Dr.  Webber  and  Prof. 
Goesard  describe  the  flavor  as  insipid  as  a  result  of  heavy  infestations. 
The  latter  presents  the  results  of  chemical  analyses  of  samples  of  the 
fruit  of  tangerine  trees  in  two  adjoining  groves.  In  one  grove  the 
white  fly  was  completely  controlled  by  spraying;  in  the  other  the  fly 
was  unchecked.  The  analyses  showed  that  there  was,  in  the  samples 
from  the  latter  grove,  15  per  cent  less  reducing  sugar,  15  per  cent 
less  sugar  dextrose,  and  5  per  cent  less  citric  acid.  While  oranges 
and  tangerines  are  frequently  much  affected  in  flavor,  thoroughly 
blackened  groves  in  many  cases  produce  as  well  flavored  fruit  as  can 

>  Bulletin  123,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture. 
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be  found  in  the  market.  When  trees  are  supplied  with  as  much 
fertilizer  as  they  can  use  to  advantage  the  white  fly  does  not  ordi- 
narily affect  the  flavor  of  the  fruit  to  such  a  noticeable  extent  as  k 
commonly  believed.  It  is  suspected  that  a  well-grounded  prejudice 
against  the  white  fly  rather  than  a  discriminating  taste  is  responsible 
for  a  large  part  of  the  supposed  effect  on  the^  flavor  of  the  fruit  in 
infested  groves. 

Increased  injury  from  scale  insects  and  from  pJant  diseases. — ^The 
number  of  culls  is  in  some  cases  very  much  increased  by  diseases  and 
insect  pests  which  thrive  after  the  trees  have  been  weakened  by  the 
white  fly.  There  are  no  data  available  showing  the  usual  increase  in 
percentage  of  fruit  injured  by  scales  and  by  diseases  of  the  trees  as 
a  result  of  white-fly  infestation,  but  this  is  a  consequence  observed 
by  many  citrus  growers  and  is  properly  considered  a  factor  of  white-fly 
injury.  As  such  it  is  conservatively  estimated  to  vary  from  1  to  5 
per  cent  in  groves  thoroughly  infested,  although  an  instance  of  a 
valuable  crop  being  completely  ruined  by  secondary  scale  attack  has 
come  imder  the  authors'  observation. 

Market  value, — ^Imperfections  in  fruit  rind  due  to  diseases  and 
insect  pests  as  followers  of  the  white  fly  and  to  failure  of  fruit  rind  to 
color  up  normally,  in  addition  to  the  direct  effect  on  the  size  of  the 
marketable  crop  as  heretofore  discussed,  usually  lower  the  average 
grade  even  after  the  fruit  is  cleaned  by  the  most  approved  methods. 
A  few  growers  claim  that  after  being  cleaned  their  oranges  and  tanger- 
ines bring  as  good  prices  as  any,  and  leaving  out  of  consideration 
instances  where  it  is  claimed  that  most  or  all  of  the  fruit  is  rendered 
absolutely  imsalable  xmder  any  conditions,  we  may  conservatively 
estimate  the  depreciation  in  market  value  to  range  from  none  at  all 
to  10  per  cent. 

Sooty-mold-blackened  oranges  shipped  without  cleaning  have  a 
market  value  ordinarily  from  25  to  50  cents  less  per  box  than  the 
same  fruit  would  have  cleaned.*  Certain  Florida  brands  of  oranges 
well  advertised,  carefully  graded,  and  packed,  would  fail  to  bring  within 
a  dollar  a  box  of  their  average  value  if  they  appeared  on  the  market 
blackened  by  sooty  mold. 

Losses  to  growers  estimated  on  basis  of  prices  paid  by  orange  buyers. — 
The  authors  are  indebted  to  Mr.  E.  H.  Walker,  of  Orlando,  for  the 
information  that  during  the  season  of  1907-8  orange  buyers  in  Florida 
paid  from  $0.75  to  $1.45  for  oranges  free  from  white-fly  effects,  and 
from  $0.50  to  $1  per  box  for  fruit  blackened  by  white  fly;  during 
the  season  of  1908-9  the  price  paid  for  clean  fruit  varied  from  $0.60 
to  $1  per  box,  and  from  $0.50  to  $0.75  for  fruit  blackened  by  sooty 
mold.    The  loss  to  the  growers  is  not  entirely  represented  by  these 

^  Statement  based  on  information  from  Mr.  £.  H.  Walker,  Orlando,  Fla. 
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figures,  since;  according  to  Mr.  Walker,  the  best  prices  were  not  paid 
for  sooty-mold-blackened  fruit  until  late  in  the  season  after  the  clean 
fruit  had  nearly  aU  been  shipped  or  disposed  of.  Clean  fruit  at  this 
time  would  have  been  proportionally  more  profitable. 

INJURY  TO  TREES. 

Weakening  of  vitality. — It  is  doubtful  if  the  white  fly  is  ever  the 
direct  cause  of  the  killing  of  trees,  limbs,  or  twigs  in  weU-fertilized 
groves.  It  does,  however,  seriously  stunt  the  growth  of  aU  heavily 
infested  trees,  and  may  temporarily  entirely  check  the  growth  of 
young  trees.  Its  greatest  effect  on  the  vitaUty  of  the  tree  is  an  indi- 
rect one.  Infestation  by  the  white  fly  appears  to  weaken  the  resist- 
ance of  orange  and  tangerine  trees  to  foot  rot,  die  back,  melanose, 
wither  tip,  and  drought,  and  favors  the  multipUcation  of  the  purple 
and  long  scales  which  are  second  to  the  citrus  white  fly  as  citrus  pests 
in  the  Gulf  coast  regions. 

Depreciation  in  value. — ^The  selling  values  of  citrus  groves  are  greatly 
reduced  by  white-fly  infestation,  and  citrus  nurseries  have  their  ter- 
ritory for  sales  much  restricted  and  values  reduced.  Concerning  the 
reduction  in  value  of  groves  of  bearing  trees  one  of  the  most  experi- 
enced dealers  in  orange  groves  in  the  State  estimates  that  it  is  in 
general  about  one-third.  For  years  California  has  been  closed  to 
Florida  nurserymen  as  a  field  for  the  sale  of  citrus  nursery  trees,  and 
a  similar  quarantine  regulation  has  recently  gone  into  effect  in  Ari- 
zona. In  Florida  and  in  citrus-growing  sections  of  other  Gulf  coast 
States  a  guaranty  of  freedom  from  white  fly  is  generally  required, 
especially  when  the  purchaser  contemplates  planting  a  more  or  less 
isolated  grove. 

SUMMARY  OF  LOSSES. 

The  estimates  in  the  foregoing  pages  refer  to  ordinary  losses  where 
the  white  fly  is  unchecked  by  natural  enemies  or  by  artificial  methods 
of  control  and  not  to  exceptional  or  occasional  losses.  These  esti- 
mates, as  applying  to  the  fruit,  are  summarized  in  Table  III. 

Table  III. — E$timaU$  of  lossei  to  orange  crop$  by  white  fly  in  uncontrolled  oonditian. 
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The  mean  of  the  total  percentage  of  estimated  loss  is  oonsidered  by 
the  authors  to  represent  about  the  normaT  loss  which  the  citrus  white 
fly  is  capable  of  causing  in  orange  groves.  It  is  estimated  that  the 
condition  is  reduced  to  about  45  per  cent  loss  in  the  average  infested 
grove  as  a  result  of  net  profits  from  spraying  with  contact  insecticides 
and  of  the  natural  efficiency  of  fungous  diseases. 

From  extensive  records  obtained  in  the  course  of  their  investiga^ 
tions  the  writers  estimate  that  the  citrus  white  fly  infests  at  present 
45  per  cent  of  the  citrus  groves  in  Florida.  Of  this,  5  per  cent  is  a 
sufficient  allowance  to  represent  the  groves  so  recently  infested  that 
normal  abundance  of  the  pest  has  not  been  reached.  An  injury  of 
45  per  cent  in  40  per  cent  of  the  groves  is  equal  to  about  18  percent 
of  the  entire  value  of  the  crop  as  it  presumably  would  have  been  if 
the  white  fly  were  not  present. 

The  latest  Florida  citrus  crop  concerning  which  statistics  are  avail- 
able is  that  of  1907-8.*  The  orange  crop  for  that  season  is  valued 
at  $3;835;000.  With  an  estimated  total  loss  of  about  15  per  cent 
this  represents  85  per  cent  of  the  value  of  the  crop  if  not  affected  by 
the  white  fly.  Accordingly,  the  estimated  loss  in  Florida  is  calcu- 
lated to  have  been  about  $680,000  for  oranges  and  similarly  on  the 
basis  of  10  per  cent  loss  to  grapefruit  on  a  valuation  of  $469,700,  the 
percentage  of  infested  groves  the  same  as  in  the  case  of  the  orange 
groves,  a  loss  of  $16,700  is  estimated,  making  the  total  loss  in  valua-  * 
tion  of  fruit  about  $696,700  for  the  crop  of  1907-8.  The  crop  of 
1908-9  was  doubtless  affected  to  the  extent  of  $750,000  by  the  citrus 
white  fly. 

At  present  the  spread  of  the  fly  into  uninfested  groves  is  undoubt- 
edly faster  than  at  the  rate  of  5  per  cent  new  infestations  per  year. 
Even  on  this  basis,  however,  the  annual  increase  in  depreciation  in  the 
value  of  Florida  citrus  groves  due  to  white-fly  infestation  is  more  than 
$200,000  per  year.'  In  addition,  the  citrus  nursery  business  in  Florida 
is  affected  to  an  extent  hard  to  estimate,  but  which  would  be  only 
nominally  represented  by  $50,000  per  year. 

Figures  are  not  available  which  would  allow  approximate  estimates 
to  be  made  of  the  damage  by  the  citrus  white  fly  in  the  Gulf  coast 
citrus-growing  sections  outside  of  Florida,  but  the  widespread  occur- 
rence of  the  white  fly  in  those  States  indicates  that  the  losses  are 
heavy. 

INCREASED  COST  OF  MAINTENANCE. 

The  items  of  expense  of  maintenance  principally  affected  by  the 
white  fly  are  fertilization,   spraying,   and  fumigation.     In  Florida 

^  Tenth  Biennial  Report  oi  the  CommisBioner  of  Agriculture  of  the  State  of  Florida. 
^  Thifl  is  not  shown  by  actual  depreciation,  for  the  number  of  gzoYes  coming  intQ 
bearing  for  the  first  time  each  year  more  than  covers  the  loss. 
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ordinarily  the  expense  of  the  fertilizer  necessary  to  maintain  orange 
trees  in  good  productive  condition  varies  from  10  to  20  cents  per  box 
of  fruit  produced.  The  wide  range  given  is  largely  due  to  differences 
in  soil  conditions.  Mr.  E.  O.  Painter,  in  response  to  an  inquiry  on 
the  subject;  writes  that  citrus  trees  infested  with  white  fly  in  his 
opinion  require  at  least  15  per  cent  increase  in  fertilizer  for  best 
results  under  the  circumstances.  On  the  basis  of  cost  of  fertilizer 
amounting  to  10  to  20  cents  per  box  and  an  increase  of  15  per  cent 
due  to  white  fly  infestation,  the  extra  expense  which  may  be  charged 
as  white  fly  injury  amounts  to  }. 5  to  3  cents  per  box. 

Cost  of  corUrol  measures  properly  ehargecMe  to  increased  cost  ofmaivr- 
tejuince, — ^Estimates  based  on  the  experience  of  the  writers  in  fumi- 
gating and  in  spraying  for  the  white  fly  give  the  range  in  expense  of 
the  former  method  of  control  as  5.5  to  14  cents  per  box  of  oranges 
produced,  and  of  the  latter  method  12.5  to  20  cents  per  box.  These 
estimates  refer  to  thorough  control,  with  the  result  that  production  is 
entirely  unaffected  by  the  white  fly.  The  minimum  estimate  on  the 
expense  of  ftimigation  refers  to  groves  so  located  that  the  migrations 
of  adults  from  outside  groves  does  not  make  treatment  necessary  more 
than  once  in  two  years.  The  maximum  estimate  refers  to  conditions 
where  treatment  every  year  is  required  to  prevent  loss.  Increase  in 
production,  due  to  destruction  of  scale-insect  pests,  is  not  taken  into 
consideration.  In  the  estimates  of  expense  of  control  by  spraying 
the  minimum  estimate  refers  to  cases  where  three  applications  of  in- 
secticide per  year  have  resulted  in  satisfactory  control.  This  result 
can  be  attained  only  after  the  insect  has  been  brought  into  complete 
subjection,  such  as  referred  to  in  the  introductory  paragraph  of  the 
subject  of  artificial  control.  Insecticides  costing  more  than  IJ  cents 
per  gallon  when  mixed  ready  for  application  have  not  been  taken 
into  consideration. 

DISTRIBUTION. 

As  has  been  shown  in  the  historical  review,  the  citrus  white-fly 
at  present  is  generally  distributed  in  North  America.  In  the  north- 
em  part  of  the  United  States  it  occurs  in  greenhouses,  and  in  the 
southern  part,  and  in  limited  districts  in  California,  it  occurs  on 
citrus,  China  trees,  privet,  cape  jessamines,  and  other  food  plants. 
In  the  present  publication  we  are  concerned  only  with  the  distribu- 
tion of  the  species  in  the  cit^s  fruit-growing  regions  of  the  United 

States. 

In  the  United  States. 

According  to  the  statistics  of  the  Florida  commissioner  of  agricul- 
ture, in  1905  there  were  17  counties  in  the  State  reporting  more 
than  5,000  bearing  citrus  fruit  trees.  In  all  but  two  of  these,  Dade 
and  St.  Lucie,  the  citrus  white  fly  {Aleyrodes  dtri)  occurs  to  a  greater 
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or  less  extent.  (See  fig.  1.)  The  17  counties  referred  to,  arranged  in 
order  of  the  number  of  bearing  citrus  trees,  is  as  follows:  Orange,  Lake, 
Volusia,  Polk,  Putnam,  Brevard,  Hillsboro,  De  Soto,  Lee,  Manatee, 
Dade,  Marion,  St.  Lucie,  Osceola,  Sumter,  St.  John,  and  Alachua. 
Palm  Beach  as  well  as  Dade  and  Monroe  Counties  are  infested  with  the 
cloudy-winged  white  fly,  as  hereafter  noted,  but  so  far  as  known  the 
citrus  white  fly  does  not  occur  there.  In  order  of  the  percentage  of 
groves  infested  the  foregoing  counties  which  are  known  to  be  infested 
would  be  arranged  about  in  the  following  order,  so  far  as  our  obser- 
vations and  records  show:  Marion^  Alachua,  St.  John,  Manatee, 
Orange,  Lee,  Volusia,  Polk,  Putnam,  Lake,  Hillsboro,  Sumter,  De 
Soto,  Osceola,  and  Brevard.  If  the  groves  infested  by  the  cloudy- 
winged  white-fly  only  were  also  taken  into  consideration,  Hillsboro 

and    Lake   Counties 

would  be  transposed 
in  the  Ust,  as  would 
Osceola  and  Brevard, 
but  aside  from  this 
there  would  be  no 
change.  The  arrange- 
ment is  only  approxi- 
mate, being  based  on 
observations  made 
by  the  various  men 
connected  with  the 
white-fly  investiga- 
tions upon  informa- 
tion and  samples  of 
infested  leaves  re- 
ceived from  corre- 
spondents and  upon 
nearly  250  replies  received  in  response  to  circular  letters  sent  out  in 
the  spring  of  1907. 

At  the  present  time  the  writers  estimate  that  throughout  the  State 
of  Florida  about  40  per  cent  of  the  citrus  groves  are  infested  by  the 
citrus  white  fly,  and  that  an  additional  5  (or  10)  per  cent  are  infested 
by  the  cloudy-winged  white  fly  alone. 

The  citrus  white  fly  occurs  in  nearly  all  the  larger  towns  in  north- 
em  Florida,  infesting  the  various  food  plants  which  are  grown  as 
ornamentals  as  well  as  the  citrus  fruit  trees  which  are  grown  to  a 
limited  extent.  The  insect  is  of  common  occurrence,  principally  on 
China  trees,  cape  jessamines,  and  on  privet  and  hedges  of  Oitrw 
irifoliata  in  South  Carolina  and  in  southern  Georgia,  Alabama,  Mis- 
sissippi, Louisiana,  and  Texas.  In  the  last  two  States  citrus  fruits 
are  being  grown  quite  extensively,  and  a  lai^  percentage  of  the 
citrus-growing  localities  are  infested. 


Fig.  1.— Map  showliig  diatrtbation  of  the  dtrns  white  fly  (AU^rodei 
citrO  in  Florida.    (Original.) 
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Aside  from  the  Gulf  coast  States,  citrus  fruits  in  the  United  States 
are  grown  only  in  California  and  Arizona.  The  citrus  white  fly  does 
not  occur  in  Arizona.  In  Califomia  the  pest  was  first  discovered  in 
May,  1907.  Mr.  C.  L.  Marlatt  has  given  the  following  accoimt  of 
the  distribution  of  the  white  fly  in  that  State  in  1907:* 

Marysville  is  situated  a  few  miles  north  of  Sacramento,  and  the  first  infestation 
seemed  limited  to  this  town,  but  toward  the  end  of  the  summer  the  white  fly  was 
discovered  well  estabUshed  at  Oroville,  in  Butte  Coimty,  some  26  miles  to  the  north 
of  MarysviUe.  The  Marysville  infestation  was  confined  to  the  town  and  to  yard  trees 
or  small  garden  orchards.  Oroville  lies  in  a  considerable  orange  district,  and  the 
white  fly  had  been  carried  from  the  town  into  several  of  the  adjacent  orchards  and 
had  become  rather  widely  scattered.  Sh<»rtly  after  the  discovery  of  the  fly  at  Marys- 
ville it  was  found  also  to  have  established  itself  locally  near  Bakersfield,'  in  the  south- 
em  end  of  the  San  Joaquin  Valley,  and  separated  oidy  by  a  mountain  range  from  the 
citrus  districts  of  southern  Califomia. 

In  Foreign  Countmes. 

For  years  the  citrus  white  fly  has  been  supposed  to  be  an  intro- 
duced species,  and  much  interest  has  been  attached  to  its  occurrence 
elsewhere  than  in  North  America.  Prof.  H.  A.  Gossard  in  1903 
stated  that  Mr.  Alexander  Craw,  of  the  Califomia  State  commission 
of  horticulture,  had  received  this  species  on  plants  from  Chile,  where 
it  was  reported  to  be  a  great  pest.  Mr.  G.  W.  Kirkaldy,  in  his  cata- 
logue of  the  AJeyrodid»,  in  1907,  gives  '^Mexico,  Brazil,  and  Chile 
(?)''  as  the  known  habitats  of  the  citrus  white  fly  outside  of  the 
United  States.  The  writers  are  informed  by  Prof.  A.  L.  Quaintance 
that  he  was  told  in  person  by  the  late  Prof.  Rivera,  of  Santiago, 
Chile,  that  the  citrus  white  fly  was  abundant  in  that  coxmtry.  Prof. 
Carlos  Camacho,  chief  vegetable  pathologist  at  Santiago,  Chile,  is 
also,  according  to  Prof.  Quaintance,  authority  for  the  statement  that 
it  occurs  there. 

The  Bureau  of  Entomology  received,  in  1906,  specimens  of  an 
aleyrodid  on  orange  leaves  from  China  which  Prof.  Quaintance 
determined  as  Aleyrodes  dtri,^  and  still  more  recently  it  received, 
through  Mr.  August  Mayer,  in  charge  of  plant-introduction  garden, 
and  through  the  Califomia  state  commission  of  horticulture,  speci- 
mens of  orange  leaves  infested  with  what  Prof.  Quaintance  has 
identified  as  this  species  from  different  parts  of  China  and  Japan. 

The  occurrence  of  the  citrus  white  fly  in  India  (northwestern  Hima- 
layas) has  recently  been  established  by  Prof.  Quaintance,  who  has 
compared  MaskeU's  A.  aurcmtii,  collected  in  the  region  mentioned 

*  Proceedings  of  the  Entomological  Society  of  Washington,  vol.  9,  pp.  121-122, 
1908. 

'  Specimens  of  the  species  present  at  Bakersfield  were  examined  by  the  senior 
author  at  the  Califomia  State  Insectary  at  Sacramento  and  found  to  be  the  cloudy- 
winged  white  fly  (A.  nubi/era). 

»  Proceedings  of  the  Entomological  Society  of  Washington,  vol.  8,  Nos.  3-4,  p.  107. 
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above,  with  A.  dtri^  and  faiHiig  to  find  anj  differences  in  the  egg  and 
pupal  stages  found  it  necessary  to  regard  the  name  given  bj  MaskeU 
as  a  synonym  of  that  given  by  Siley  and  Howard. 

The  citrus  white  fiy  does  not  occur  in  Cuba,  so  far  as  known, 
although  it  is  not  unlikely  to  be  found  there,  since  there  have  been 
heavy  shipments  of  nursery  stock  from  infested  citrus  nurseries  in 
Florkia  to  that  country  during  the  last  few  years. 

FOOD  PLAKTS. 
AUTHENTIC  AND  QUKTnONABLS  XXOOBD0. 

The  separation  as  distinct  species  of  two  forms  formerly  considered 
as  belonging  to  the  species  Aleyrodes  cUri  makes  it  necessary  that 
all  of  the  reported  food  plants  of  the  citrus  white  fly  be  verified. 
Nearly  60  species  of  the  genus  Aleyrodes  have  been  recorded  for 
North  America.  Of  these  less  than  20  have  been  described  in  the 
first  larval  stage  in  a  manner  which  distinguishes  them,  althou^ 
when  carefully  studied  this  stage  has  been  found  to  have  strikiDg 
specific  characters.  The  second  and  third  larval  stages  rarely  possess 
distinguishing  characters.  The  fourth  or  pupal  stage,  or  the  empty 
pupa  case,  is  used  as  the  basis  of  specific  descriptions  in  the  Aley- 
rodid»,  but  even  in  this  stage  a  careful  microscopic  examination  is 
usually  necessary  to  positively  determine  the  species.  Good  specific 
distinctions  in  the  adult  stage  have  been  foimd  only  in  a  few  species, 
and  even  those  entomologists  who  have  made  a  specialty  of  the  Aley- 
rodidft  do  not  attempt  to  distinguish  the  different  species  in  this 
stage.  Xt  is  obvious,  therefore,  that  a  Hst  of  food  plants  should 
properly  include  only  those  verified  by  entomologists,  with  determin- 
ations of  the  species  made  since  the  status  of  the  two  most  abundant 
citrus-infesting  species  of  Aleyrodes  has  been  fully  recc^nized.  Dr. 
E.  W.  Berger  has  recently  arranged  the  full  list  of  food  plants  and 
reported  food  plants  in  a  graphic  manner,  separating  the  list  into 
two  classes  according  to  the  degree  of  preference,  and  each  class  is 
subdivided  into  native  and  introduced  species.  This  method  of 
grouping  the  food  plants  is  here  adopted  (see  Table  IV)  with  the 
transposition  of  the  lilac  and  coffee  from  class  II  to  class  I  and  omit- 
ting certain  reported  food  plants  in  order  to  restrict  the  list  to  include 
only  positive  records,  leaving  the  others  for  a  separate  discussion. 
Dr.  Berger  has  recently  discovered  the  citrus  white  fly  on  wild  olive, 
and  has  also  verified  Prof.  Gk)ssard's  report  of  the  citrus  white  fly  on 
Viiumum  nudum.  Both  of  these  food  plants,  together  with  the 
green  ash,  probably  will  eventually  be  foimd  to  be  subject  to  heavy 
infestation  and  be  placed  in  class  I. 
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Table  IY, ^DefiniUiy  hnawn/ood  planU  of  the  eitna  wkUeJIy  (Aliyrodet  eitri). 

Class  I.  Preferred. 
Intiodmced: 

L  Citnis  (all  ^[>ecie8  cultivated  in  America). 

2.  China  tree  {Melia  azedarach). 

3.  Umbrella  China  tree  (Melia  azedarach  umbraeulifera), 

4.  Cape  jessamine  (Gardenia  jaaminaides). 

5.  "PriyBts  (Ligttttntmmpp.).  ' 

6.  Japan  penimmcm  (Dumpyras  haO), 

7.  Lilac  (Sfringa  sp,). 

8.  Coffee  (Coffea  arabica). 
Native: 

9.  PricUy  ash  (Xanihoxyhim  dava-herculis), 

10.  WHd  peMimm<Hi  (Dio9pyro$  virginiana). 

Class  II.  Occasionally  Ikfbstsd. 
Introdnced: 

11.  AUamanda(^IlamaYufencri(^ta). 

12.  Cultivated  pear  (Pyrui  spp.). 

13.  Banana  dumb  (  Magnolia fa9eatum), 

14.  Pomegranate  (Punica  gnmatum), 
Native: 

15.  Smilax  (Smilax  sp.). 

16.  Cherry  laurel  (Prunus  Uxurocerastu). 

17.  Wild  olive  or  devilwood  (09manthu$  americanus), 

18.  Viburnum  ( Viburnum  nudum), 

19.  Green  adi  (Fraxinu$  lanceolata). 

In  addition  to  Uiose  in  the  foregoing  list  ^  there  are  sereral  plants 
reported  as  food  plants  of  the  citrus  white  fly  which,  while  probably 
true  food  plants,  can  not  consistently  be  included  in  the  recognized 
list  until  the  observations  have  been  repeated  and  the  infesting  spe- 
cies positively  identified.  In  some  instances  where  eggs  or  larrsB 
have  been  found  there  is  doubt  as  to  whether  the  white  fly  could 
develc^  to  maturity  on  the  plants  in  question.  Plants  upon  which 
the  insect  is  unable  to  develop  to  maturity  can  not  properly  be  con- 
sidered true  food  plants.  The  foUowing  is  the  list  of  plants  reported 
as  food  plants,  but  which  in  each  case  require  further  observations 
either  as  regards  the  ability  of  the  insect  to  reach  maturity  thereon 
or  as  regards  the  species  of  white  fly  concerned,  in  view  of  the  recent 
separation  of  A.  citri  and  A,  nuhifera:  Water  oak,  reported  by  Prof. 
A.  L.  Quaintance;  Ficus  dUiamaa,  Ficus  sp.  (from  Costa  Rica),  and 
scrub  palmetto,  reported  by  Prof.  H.  A.  Gossard;  honeysuckle  and 
blackberry,  reported  by  Dr.  E.  H.  Sellards;   oleander,  reported  by 

^  In  addition  to  those  already  mentioned  as  being  food  plants  in  Florida,  the  follow- 
ing plants  are  on  record  at  the  State  insectary  at  Sacramento,  Cal.,  as  food  plants  of  the 
citrus  white  fly  observed  at  Marysville  and  Oroville  by  agents  of  the  State  commission 
of  horticulture:  English  ivy  (Hedera  ?ielix)j  yellow  jessamine  (Jasminum  odoratissi- 
mum) J  Ficus  maerophylla,  bay  (Lauras  nohilis),  tree  of  Heaven  (AiUmthus  glandulosa), 
and  crape  myrtle  (Myrtus  lagerstrcemia).  Information  concerning  the  authorities  for 
the  plants  listed  is  not  available. 
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the  senior  author  of  the  present  publication;  camellia^  reported  by 
Dr.  E.  W.  Berger.  In  the  case  of  the  last  two  plants  mentioned 
the  uncertainty  as  to  their  proper  standing  is  on  the  possibility  of 
the  insect  reaching  maturity  thereon  and  not  on  the  identity  of  the 
infesting  species. 

The  present  status  of  the  plants  which  have  heretofore  been  listed 
by  entomologists  as  food  plants  of  the  citrus  white  fly  is  shown  in 
the  foregoing  paragraphs.  There  are  doubtless  numerous  additional 
introduced  species  and  a  few  additional  native  species  of  plants  occur- 
ring in  the  United  States  which  serve  or  are  capable  of  serving  as 
food  plants  of  the  citrus  white  fly,  but  for  the  reasons  connected  with 
the  identification  of  the  insects,  stated  in  the  opening  paragraph  under 
the  subject  of  food  plants,  reports  of  food  plants  other  than  those 
included  in  classes  I  and  II  should  never  be  credited  unless  verified 
by  or  made  by  an  entomologist.  There  are  no  important  food  plants 
occurring  in  the  Gulf  coast  region  omitted  from  this  list,  and  future 
additions  to  the  list  probably  will  be  of  little  significance  economically 
as  affecting  the  control  of  the  pest.  There  is  a  widespread  belief  that 
many  other  common  trees,  shrubs,  and  vines  in  Florida  are  food  plants 
of  the  citrus  white  fly,  but  the  correctness  or  falsity  of  this  belief 
can  be  readily  ascertained  in  the  case  of  the  individual  plants  sus- 
pected by  submitting  specimens  of  the  foUage  and  of  the  infesting 
insect  to  the  Bureau  of  Entomology  or  to  the  State  experiment  station. 

There  are  three  common  causes  for  erroneous  reports  concerning 
citrus  white-fly  food  plants.  The  first  is  the  presence  of  sooty  mold 
on  many  plants,  due  to  other  honeydew-secreting  insects,  such  as 
apliides,  scale  insects,  and  mealy  bugs.  The  insects  themselves  are 
not  seen  in  this  case  and  the  mistaken  idea  is  due  to  ignorance  of  the 
fact  that  other  insects  than  the  citrus  white  fly  excrete  honeydew  on 
which  the  same  species  of  sooty  mold  fungus  thrives.  The  second 
cause  for  erroneous  reports  in  this  respect  is  the  misidentification  of 
the  insect  concerned.  The  necessity  for  the  identification  of  the  in- 
festing insect  by  an  entomologist  has  been  discussed.  The  third 
cause  is  the  frequent  occurrence  of  the  adult  citrus  white  fly  on  the 
f  oUage  of  plants  upon  which  it  does  not  breed  and  upon  which  it  sel- 
dom or  never  deposits  an  egg.  In  the  course  of  the  present  investi- 
gation by  the  Bureau  of  Entomology  several  trees  and  shrubs  have 
been  thoroughly  tested  as  possible  food  plants  by  cage  experiments, 
and  observations  have  beeii  made  on  these  and  other  plants,  showing 
that  if  it  is  possible  for  the  citrus  white  fly  to  develop  on  one  of  them,  it 
is,  at  the  most,  of  too  rare  occurrence  to  be  of  any  significance.  Cage 
tests  have  been  made  with  oak  (Querent  hrevifolia),  magnolia  {Mag- 
noliafcetida),  blackberry  (Rubus  spp.),  laurel  cherry  or  mock  orange 
(Prunus  caroliniana),  and  cultivated  figs  {Ficu8  carica)  and  crape 
myrtle  {Myrtus  lagertrcmiia) .    In  each  case  a  rearing  cage  (PL  VH) 
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was  attached  to  the  end  of  a  branch  covering  new  growth  and  from 
50  to  100  adults  of  A.  cvtri  were  confined  therem.  Except  in  the  case 
of  the  blackberry,  in  which  no  observation  was  made  on  the  point, 
the  adults  were  noted  as  resting  contentedly  and  apparently  feeding  on 
the  leaves  for  one  or  two  days  after  being  confined.  In  every  case, 
however,  all  the  adults  were  dead  on  the  fourth  day  after  confinement 
on  the  plants  noted,  although  check  lots  of  adults  collected  at  the  same 
time  but  confined  on  branches  of  citrus  trees  Uved  for  a  normal  period. 
No  egigA  were  deposited  in  any  of  the  tests,  although  the  check  lots 
deposited  eggs  on  the  citrus  leaves  in  a  normal  manner. 

Each  of  the  five  plants  tested  with  the  cage  experiments  have  in 
addition  been  subjected  to  very  careful  examinations  by  the  writers 
under  such  circumstances  that  the  opportunities  for  infestation  by 
the  citrus  white  fly  were  at  their  best.  In  addition,  particular  atten- 
tion has  been  given  to  examinations  of  species  of  oaks  {Quercus  spp.) 
and  bays  {Persea  spp.),  guavas  (Psidium  spp.)  and  mulberries  {Moras 
spp.),  when  located  near,  and  in  some  cases  with  branches  intermin- 
gling with  infested  citrus  or  other  favorite  food  plants. 

Economic  Significance  ob  Food  Plants,  and  Interrelationship  Between  Food 

Plants  and  Insects. 

Entomologists  familiar  with  the  present  white-fly  situation  agree 
in  their  conclusion  that  a  requisite  for  satisfactory  control  of  this 
pest  is  proper  attention  to  food  plants  other  than  citrus  fruit  trees. 
Mr.  H.  G.  Hubbard,  who  was  a  well-known  authority  on  orange 
insects,  being  a  special  agent  of  the  Bureau  of  Entomology,  was  a 
strong  advocate  of  destroying  food  plants  of  the  white  fly  that  were 
of  no  value.  Dr.  Sellards,  formerly  entomologist  at  the  Florida  Ex- 
periment Station,  Dr.  Berger,  the  present  entomologist,  Prof.  P.  H. 
Kolfs,  director  of  the  Florida  Experiment  Station,  and  the  authors 
have  each  emphasized  the  importance  of  the  relation  of  the  various 
food  plants  to  white-fly  control. 

The  following  paragraph  from  the  senior  author's  bulletin  on  the 
subject  of  fumigation  for  the  citrus  white  fly  *  states  in  a  general  way 
the  situation  in  this  respect  as  viewed  by  entomologists  who  have 
investigatejd  the  white  fly: 

The  presence  of  food  plants  of  the  white  fly  other  than  citrus  trees,  in  citrus  fruit- 
growing sections,  constitutes  a  serious  menace  and  in  itself  often  prevents  successful 
results  from  remedial  work.  Fortunately  the  list  of  food  plants  is  limited,  and  the 
greater  number  of  those  thus  far  recorded  is  subject  to  infestation  only  when  located 
near  or  in  the  midst  of  heavily  infested  citrus  groves.  The  food  plants  which  are  of 
most  importance  in  connection  with  the  white-fly  control  are  the  chinaberry  trees, 
privets,  and  cape  jessamine,  and  these — except  for  the  last,  in  certain  sections  where 
grown  for  commercial  purposes — can  be  eradicated  readily,  or  their  infestation  may 
be  prevented  where  community  interests  precede  those  of  the  individual  in  controlling 

*  Bulletin  76,  Bureau  of  Entomology,  U.  S.  Department  of  Agriculture,  pp.  9-10. 
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public  sentiment.  These  food  plantB  {avor  the  impid  diflsemination  ot  the  white  fly 
from  centers  of  infestation  and  their  successful  establishment  in  uninlested  loodttieB. 
They  seriously  interfere  with  the  success  of  fumigation,  as  well  as  of  all  other  remedial 
measures,  by  furnishing  a  fovored  breeding  place  where  the  white  fly  can  regam 
its  usual  abundance  in  a  much  shorter  time  than  would  be  the  case  if  it  were  entirely 
dependent  upon  citrus  fruit  trees  for  its  food  supply.  The  jAants  mentioned,  togeihcff 
with  Cttna  irtfoliata  (except  where  used  in  nurseries),  and  all  abandoned  and  uselesi 
citrus  trees  should  be  condemned  as  public  nuisances  and  destroyed  in  all  commum* 
ties  where  citrus  fruit  growing  is  an  important  industry. 

Not  only  is  a  knowledge  of  the  relation  of  the  variovn  noncitnis 
food  plants  to  white-fly  injury  of  great  importance,  but  it  ia  also  of 
considerable  importance  to  growo^  to  know  the  capability  €t  the 
insect  for  multiplying  on  the  different  citric  fruit  trees  in  order  that 
advantage  may  be  taken  <rf  it  in  the  airangement  of  new  groves  and 
the  improvement  ot  old  groves. 

CITRUS. 

It  is  a  matter  ot  common  observation  that  injury  from  the  white 
fly  is  most  marked  on  citrus  fruits  of  the  Mandarm  group.  Thk 
group  includes  the  Tangerine,  Satsuma,  and  King  of  Siam.  The 
sweet  oranges  are  next  to  the  mandarins  in  this  respect,  followed  by 
the  kumquats  and  grapefruits. 

The  relatively  less  injury  to  grapefruit  by  the  cit^s  white  fly 
(A.  cUri)  is  sometimes  obscured  by  the  pres^ice  of  A.  nnbifera. 
Blackening  of  f ofiage  and  fruit  by  the  citrus  whit«  fly  is  more  notice- 
able on  grapefruit  trees  wh^i  they  are  surrounded  by  or  ere  oth^wise 
unfavorably  located  in  respect  to  orasiges  or  tang^ines.  S(£d 
blocks  of  grapefruit  trees  rarely  show  more  than  slight  effects  of 
white-fly  infestation  when  only  the  citrus  white  fly  is  pres^it.  An 
example  of  this  is  the  Manavista  Grove  at  Manavista,  Manatee 
County,  Fla.  This  grove  consists  of  22,000  grapefruit  trees,  and 
appreciable  blackening  of  the  foliage  is  rarely  seen  except  occasionally 
where  orange  groves  adjoin.  Only  one  record,  based  on  actual 
examination  of  leaves,  illustrating  the  difference  in  the  degree  of 
infestation  of  adjoining  blocks  of  grapefruit  and  orange  trees  is 
available.  The  grapefruit  block  consisted  of  about  400  trees  located 
inmiediately  north  of  a  block  of  200  or  300  orange  trees  and  separated 
on  the  west  by  a  pubUc  road  from  a  grove  of  about  800  orange  trees. 
On  April  23,  1909,  after  practically  all  the  overwintering  pupse  had 
matured,  an  examination  of  100  or  more  leaves  collected  at  random 
from  each  grove,  counting  the  pupa  cases,  showed  an  average  of  8 
insects  that  had  reached  maturity  on  the  grapefruit  leaves,  27  on 
the  orange  leaves  of  the  block  south,  and  56  on  the  orange  leaves  of 
the  block  west.  No  studies  have  been  made  to  determine  the  differ- 
ent degrees  of  susceptibility  to  white-fly  injury  among  the  different 
varieties  of  grapefruit,  but  the  Royal  variety  appears  to  be  more 
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nearly  immune  than  any  other  of  those  commonly  grown.  This  was 
first  pointed  out  by  Mr.  F.  D.  Waite,  of  Palmetto,  Fla.  In  this  con- 
nection it  should  be  noted  that  the  Royal  variety  in  its  general 
characteristics  is  not  a  typical  grapefruit. 

The  reason  for  the  partial  iromunity  of  grapefruit  trees  to  white-fly 
injury  is  as  yet  obscure.  Several  observations  on  grapefruit  and 
orange  trees  growing  side  by  side  give  no  basis  for  the  supposition 
that  it  is  a  matter  of  food-plant  preferences  of  the  adult  flies.  In 
some  cases  the  differences  in  the  amount  of  new  growth  must  be 
taken  into  consideration.  Counts  of  adults,  pupa  cases,  and  hatched 
eggs  of  the  citrus  white  fly  on  alternating  grapefruit  and  orange 
trees,  six  in  aU,  located  on  the  laboratory  grounds  at  Orlando,  were 
made  on  June  4,  1909,  when  no  new  growth  was  present  on  the  trees. 
The  leaves  were  selected  at  random  and,  with  the  exception  of  a  few 
upon  which  adults  were  counted,  they  represented  the  spring  growth 
of  1909.  The  difference  between  the  number  of  the  adults  on  500 
grapefruit  and  500  orange  leaves,  87  and  104,  respectively,  is  not  as 
great  as  would  be  expected,  considering  the  much  greater  number 
of  insects  that  had  matured  on  the  orange  up  to  the  time  of  the  exam- 
ination. There  were  about  twenty  times  as  many  pupa  cases  on 
the  100  orange  leaves  as  on  the  100  grapefruit  leaves,  or  6  and  1?0, 
respectively.  This  was  offset  by  the  presence  of  about  three  times 
as  many  hve  pupsB  on  10  grapefruit  as  on  10  orange  leaves,  41  and  14, 
respectively,  making  the  sum  of  the  pupa  cases  and  Uve  pupse  4.16 
per  leaf  in  the  case  of  the  grapefruit  and  2.6  per  leaf  in  the  case  of  the 
orange.  This  is  about  the  same  proportion  as  the  number  of  hatched 
eggs  on  the  two  food  plants.  The  condition  of  the  leaves,  as  shown 
by  this  data,  fails  to  indicate  any  cause  for  the  partial  immunity  of 
grapefruit  trees. 

The  examinations  by  Mr.  W.  W.  Yothers  of  two  leaves  picked  at 
random  from  each  tree  in  a  small  isolated  grove  consisting  of  41 
grapefruit  and  28  tangerine  trees  gave  rather  striking  figures,  show- 
ing more  rapid  multipUcation  of  the  citrus  white  fly  on  the  latter 
than  on  the  former.  The  first  examination  was  made  on  November 
4,  1908,  and  tjie  second  on  June  8,  1909.  On  the  former  date  the 
average  number  of  live  and  dead  white-fly  larv»  and  pup»  per  leaf 
was  31.9  on  the  grapefruit  and  96.2  on  the  tangerine,  16.6  and  80.9, 
respectively,  being  alive.  During  the  winter  a  series  of  fumigating 
experiments  reduced  the  numbers  of  the  white  fly  so  that  at  the 
second  examination  the  number  per  leaf  was  1.1  on  the  grapefruit 
and  2.25  on  the  tangerine.  The  arrangement  of  the  two  kinds  of 
trees  in  the  grove  was  such  that  they  had  equal  chances  of  becoming 
reinf ested  by  the  insects  which  escaped  the  effects  of  the  experimental 
tests. 
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The  difference  in  the  degree  of  injury  between  orange  and  tangerine 
trees  is  less  marked  than  between  tangerine  and  grapefruit  or  orange 
and  grapefruit,  vbut  the  difference  is  nevertheless  usually  quite  notice- 
able. The  practical  application  of  this  difference  in  the  d^ree  of 
adaptation  of  the  citrus  whit^  fly  to  the  various  citrus  food  plants 
will  be  discussed  in  a  forthcoming  bulletin  dealing  with  the  artificial 
control  of  the  white  fly. 

CHINA  TREES  AND  UMBBKLLA  TBBS8. 

While  China  trees  (PL  IV)  and  umbrella  China  trees  (PL  V),  when 
grown  for  shade  and  ornamental  purposes,  are,  as  has  been  pointed 
out,  very  injurious  to  citrus  fruit-growing  interests,  the  investigation 
of  the  utility  of  these  plants  as  trap  foods  gives  an  increased  import- 
ance to  a  definite  knowledge  concerning  them  as  citrus  white-fly  food 
plants.  Their  injuriousness  to  citrus  growers  is  very  clear  to  pro- 
fessional entomologists,  but  not  as  generally  appreciated  by  the  citrus 
growers  themselves  as  is  desirable. 

The  umbrella  tree  is  recognized  by  botanists  as  a  variety  of  the 
China  tree.  This  variety  is  the  one  most  commonly  grown  except 
in  a  few  localities,  and  observations  reported  herein  specifically  refer 
to  it  and  not  to  the  China  tree.  The  latter  tree  has,  however,  been 
under  observation  by  the  authors,  and  no  noticeable  difference  has 
been  observed  between  the  two  trees  in  their  relation  to  the  citrus 
white  fly,  and  the  data  and  observations  are  in  the  main  fully  as 
appUcable  to  the  one  as  to  the  other. 

The  numbers  of  the  white  fly  which  mature  on  individual  umbrella 
trees  have  been  estimated  in  three  instances  and  found  to  range 
between  25,000,000  and  50,000,000  where  trees  are  favorably  located 
with  respect  to  nondeciduous  food  plants.  Examinations  were  made 
by  selecting  10  or  more  leaves  at  random  and  from  each  selecting 
a  leaflet  which  appeared  to  represent  the  average  condition  of  all 
the  leaflets  composing  the  leaf.  In  two  instances  it  was  found  that 
the  infestation  was  fuUy  as  great  toward  the  top  of  the  tree  as  on  the 
lower  parts.  In  one  instance  an  extensive  examination  of  different 
parts  of  an  infested  umbrella  tree  showed  a  decrease  from  lower 
branches  to  top  branches  of  50  per  cent.  In  order  to  be  fuUy  con- 
servative, this  percentage  has  been  used  as  the  basis  of  the  calcula- 
tions, making  the  average  infestation  throughout  the  tree  75  per 
cent  of  the  infestation  of  the  leaves  of  the  lower  branches.  Full- 
grown  leaves  were  found  to  consist  of  about  eighty-two  leaflets. 
Complete  records  were  made  of  eggs  and  of  Uve  and  dead  larvae  and 
pupae,  but  only  a  part  of  this  data  will  be  presented.  The  estimates 
and  counts  of  both  leaves  and  insects  in  the  case  of  the  first  tree  were 
made  by  the  senior  author;  in  the  cases  of  the  second  and  third  trees 
the  estimates  of  the  number  of  leaves  per  tree  represent  the  average 
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Plate  IV. 


The  China  Tree. 

Fig.  1.— China  tree  defoliated  during  winter.    Fip.  2.— Same  tree  in  full  foliage  in  summer. 

(Original.) 
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of  three  estimates — one  by  the  senior  author,  one  by  the  junior  author, 
and  one  by  Mr.  W.  W.  Yothers.  The  counts  and  estimates  of  insects 
were  made  by  the  senior  author  in  the  second  instance  and  by  the 
junior  author  in  the  third.  The  data  obtained  in  these  examinations 
bearing  on  the  number  of  insects  the  umbrella  trees  are  capable  of 
maturing  are  given  in  Table  V. 

Xablb  V. — Number  of  citrus  whiU  flies  developing  an  umbrella  China  trees. 


Tree. 

Date  of  exam- 
ination. 

Estimated 

number  of 

leaves  on 

tree. 

Number 
of  pupa 

cases 
pwleaf. 

Number 
ofUve 

Estimated 
number  of 
insects  ma- 
tured on 
tree. 

Estimated 
number  of 
larvae  and 
pups  alive 
at  time  of 
examina- 
tion. 

1 
2 
3 

Oct  28,1906 
Aug.  19,1908 
Aug.  25,1908 

20,000 
26,000 
12,000 

2,478 
1,910 
2,230 

4.1 

13.2 
4.0 

49.560,000 
47.7J.2.000 
26,760,000 

82.000 

330.000 

58,800 

The  three  trees  examined  are  not  in  any  way  exceptional  as  r^ards 
the  degree  of  infestation,  but  may  be  considered  as  representative  of 
tiie  condition  of  China  trees  and  umbrella  China  trees  in  localities 
where  the  citrus  white  fly  is  established.  Tree  No.  1  was  located  by 
the  roadside  near  a  6-acre  grove  of  newly  bearing  budded  orange  and 
grapefruit  trees  which  were  lightly  infested  by  the  white  fly  and  on 
which  it  is  estimated  that  not  over  100,000  insects  could  have  matured 
on  any  one  tree  during  the  season.  Tree  No.  2  was  located  most 
unfavorably  for  a  heavy  infestation,  standing  in  a  vacant  lot  in  the 
business  section  of  Orlando  and  having  its  source  of  citrus  white-fly 
infestation  in  the  spring  almost  entirely  restricted  to  two  neglected 
and  worthless  orange  trees  of  small  size  growing  within  a  radius  o£ 
100  feet.  Tree  No.  3  was  located  in  front  of  the  laboratory  at 
Orlando,  with  36  orange  and  grapefruit  trees  on  the  grounds.  The 
least  conservative  of  the  authors'  estimates  would  place  the  number 
of  white  flies  which  matured  on  any  one  of  these  citrus  trees  during 
the  year  1908  as  not  over  500,000,  with  the  average  of  the  36  trees  at 
about  one-half  this  number.  It  is  estimated,  therefore,  that  the  one 
umbreUa  tree  produced  upward  of  three  times  as  many  adult  citrus 
white  flies  during  the  year  1908  as  the  36  citrus  trees  on  the  labora- 
tory grounds  combined.  The  important  relation  of  the  remarkable 
multiplication  of  the  citrus  white  fly  on  China  and  umbrella  trees  to 
the  spread  of  the  pest  will  be  discussed  under  the  heading  "Spread." 

Two  new  points  of  importance  have  been  established  by  the  present 
investigations  in  regard  to  umbrella  China  trees  as  citrus  white  fly 
food  plants.  First,  this  insect  shows  in  one  respect  a  greater  degree 
of  adaptation  to  this  food  plant  than  to  citrus  plants,  as  shown  by 
the  very  low  rate  of  mortality  in  the  immature  stages.  Table  "Vl 
gives  the  data  obtained  by  five  counts  made  at  Orlando,  Fla.,  diuing 
these  investigations. 
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Table  VI. — Mortality  ofcitnu  white  fly  on  umbrella  China  tree  leaves. 


Dmte. 

Pupft 
cases. 

Uve         D«ad 

larv»        larv» 

andpupsB.  andpupte. 

MortaUty. 

Oct.  28, 1906... 
Julys,  1908.... 
July  21, 1908... 
Aug.  19, 1908.. 
Aug.  25,  1908.. 

Total... 

806 
«7 
113 
232 
312 

1 

338 

256 

« 

160 

111 
192 

61 
152 

70 

Per  cent. 
12.0 
18.7 
12.1 
35.1 
13.4 

1,960 

813 

596 

18.2 

The  record  made  on  August  19,  1908,  showing  the  highest  per- 
centage of  dead  stages  of  the  white  fly,  was  based  upon  10  leaflets 
selected  from  a  single  leaf  and  is  not  considered  so  typical  of  the  con- 
dition throughout  the  tree  examined  as  is  the  case  in  the  other 
records.  In  contrast  to  the  low  mortality  records  as  shown  by  the 
insect  forms  present  on  the  leaves  of  the  umbrella  trees,  26  records  of 
mortality  in  citrus  groves  gave  an  average  of  57.9  per  cent  dead  on 
the  leaves.  These  records  were  based  on  the  examination  of  about 
2,000  leaves  and  over  100,000  white-fly  forms.  It  should  be  noted 
that  the  mortality  in  the  above  records  is  based  on  the  number  of 
live  and  dead  larvae  and  pupse,  and  of  pupa  cases  present  on  the 
leaves  at  the  times  of  the  examinations.  The  actual  mortality  would 
be  represented  by  the  difference  between  the  total  live  larvae,  live  pup«, 
and  pupa  cases  and  the  number  of  hatched  eggs.  On  umbrella  China 
tree  leaves  this  difference  is  slight  and  represented  for  the  most  part 
by  the  number  of  dead  larvae  and  pupae  found  on  the  leaves.  In  the 
case  of  the  citrus  trees,  on  the  other  hand,  the  number  of  citrus 
white-fly  forms  on  the  leaves  ordinarily  represents  only  from  25  to 
30  per  cent  of  the  total  number  of  eggs  deposited.  This  disappearance 
from  the  leaves  is  discussed  elsewhere.  Its  significance  in  this  con- 
nection is  that  the  actual  mortaUty  on  citrus  leaves  is  much  higher 
than  the  average  i>er  leaf  of  57.9  would  indicate.  The  citrus  white 
fly  forms  on  the  leaves  show  a  mortaUty  on  the  umbrella  tree  amount- 
ing to  only  one-third  of  the  mortality  on  citrus  trees.  The  considera- 
tion of  the  number  of  hatched  eggs  as  a  basis  for  mortality  estimates 
would  reduce  this  to  about  one-fifth.  The  figures  refer  to  citrus  groves 
where  the  citrus  white  fly  is  well  established.  In  newly  infested 
groves  the  rate  of  mortality  is  much  smaller  as  a  rule. 

The  second  important  point  established  in  the  course  of  the  investi- 
gations reported  herein  is  that  adult  citrus  white  flies  are  so  strongly 
attracted  by  growing  leaves  of  umbreUa  trees  that  under  certain 
conditions  with  umbreUa  and  citrus  trees  growing  side  by  side  more 
adults  coUect  on  three  or  four  umbrella  leaves  than  are  present  on 
entire  citrus  trees  of  medium  size. 
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It  has  been  frequently  observed  that  when  the  citrus  white  fly  is 
first  becoming  established  in  a  grove,  if  China  trees  or  umbrella  China 
trees  are  near,  adults  often  can  be  found  on  these  when  none  can  be 
found  on  surrounding  or  intervening  citrus  trees.  In  order  to  obtain 
a  more  definite  idea  of  the  relative  attractiveness  of  umbrella  China 
trees  and  citrus  trees,  4  records  were  made  by  the  senior  author  on 
the  hiboratory  grounds  (fig.  2)  at  Orlando.  In  observation  No.  1,  the 
count  on  citrus  was 

#  wm,  UMBR£LU9    TRE£Si 

S  ■■  STORAGE  SHED,     L^LABORArORT. 


OR/IAf6£  TT^IES 


ORANGE 
TREES 


made  on  4  trees,  viz, 
4A,  4B,  4C,  and5 
C,  and  the  observa^ 
tions  on  umbrella 
China,  trees  were 
made  on  2  small 
trees  located  about 
6  and  20  feet,  re- 
spectively, south- 
west of  4  A.  These 
umbrella  China  trees 
were  slender  2-year- 
old  growths  about  4 
and  5  feet  high  and 
together  bearing 
about  40  leaves. 

Observation  No.  2 
was  made  on  grape- 
fruit and  orange 
trees  E  6,  E  5,  E  4, 
D  5,  D  4,  and  F  3 
and  two  stems  of 
the  umbrella  China 
tree  cluster  in  space 
F  7  nearest  to  tree 
E  6.  Observation 
No.  3  was  made  on 
tree  A  4  and  the 
nearest  umbrella  China  tree  sapling.  This  latter  had  been  defoliated 
since  observation  No.  1  was  made.  Observation  No.  4  was  made  on 
citrus  trees  D  7,  E  6,  E  5,  E  4,  E  3,  and  F  3  and  on  two  stems  of 
the  umbreUa  cluster  which  had  been  defoliated  since  observation 
No.  2.  The  data  obtained  by  the  four  observations  are  given  in 
Table  VII. 


Nl 


I 


Fig.  2.— Diagram  of  the  laboratory  grounds  at  Orlando,  Fla. 
(Original.) 
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Tablk  VII. — Relative  attraetiveneei  to  the  cUrut  white  fly  of  /oUage  of  umbrelia  CMna 

trees  and  citrus  trees. 


Observft. 
tlon  No. 

Date. 

Cltnu  trees. 

Umbrella  Chlna^rees. 

Number 

of 
minutes. 

Number 
of  Adults 
counted. 

Number 

of  trees 

exam- 

ined. 

Number 

of 
minutes. 

Number 
of  adults 
counted. 

number 
of  leaves 

1 

2 

1909. 
...do 

5 
5 
8 
5 

257 
10 
34 
52 

4 
6 
1 
6 

5 
5 
3 
5 

508 
616 
477 
830 

25 
30 
6 
15 

S 

4 

JUIM    11 

...do.... 

Total. 

18 

362 

17  1             18 

1 

2,^ 

76 

In  all,  2,789  specimens  were  counted,  of  which  88  per  cent  were  on 
umbrella  China  tree  leaves.  It  was  estimated  that  in  each  record  on 
a  citrus  tree  approximately  2,000  leaves  were  examined,  making 
34,000  in  all.  The  individual  leaflets  composing  the  76  umbrella- 
tree  leaves  numbered  approximately  6,000.  For  practical  purposes 
these  leaflets  are  more  comparable  to  the  citrus  leaves  although  the 
latter  have  on  the  average  fully  twice  as  much  surface.  With  this 
basis  for  con^arison  it  can  be  figured  from  the  above  data  that  there 
was  about  one  adult  white  fly  per  100  leaves  on  the  citrus  trees  while 
there  were  about  40  adults  per  100  leaflets  on  the  umbrella  trees. 

As  has  been  indicated,  the  difference  between  the  number  of  China- 
tree  leaves  in  numbers  3  and  1  and  between  4  and  2,  respectively, 
represents  the  oldest  spring  growth,  which  was  removed  on  May  24, 
leaving  only  a  few  growing  leaves.  No  direct  comparison  was  made 
between  the  attractiveness  of  the  older  growth  of  citrus  and  umbrella 
trees  but  apparently  there  is  no  striking  difference  between  the  two 
food  plants  in  this  respect.  New  watershoots  were  present  on  the 
citrus  trees  on  both  dates  when  observations  were  made  but  only  in 
the  case  of  one  tree,  4  A,  were  many  adults  found  on  this  growth. 
In  observation  No.  1  on  the  tree  mentioned  (4  A)  200  adults  were 
coxmted  on  two  watershoots.  Except  for  watershoots  there  was  no 
new  growth  on  any  of  the  citras  trees. 

At  Orlando  the  umbrella  trees  usually  start  to  put  on  new  foliage 
in  the  spring  before  new  growth  appears  on  citrus  trees.  As  a  con- 
sequence CKina  and  umbrella  trees  located  near  infested  citrus  trees 
receive  large  numbers  of  adults  of  the  citrus  white  fly  which  migrate 
in  search  of  attractive  food.  On  February  22,  1909,  the  authors 
noted  on  the  laboratory  grounds  that  the  shoots  of  the  umbrella  tree 
were  beginning  to  put  out  new  growth,  the  leaves  not  fully  unfolded. 
The  citrus  white  fly  was  found  scatteringly  on  the  umbrella  leaves 
but  on  citrus  trees  specimens  could  be  found  only  after  careful 
search. 
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On  March  27,  1907,  near  the  laboratory,  then  located  in  the  grove 
of  Mr.  J.  M.  Cheney,  a  striking  example  of  the  attractiveness  of  the 
umbrella  tree  was  observed.  The  tree  referred  to  was  about  25  feet 
high  and  the  leaves  which  were  on  the  average  only  about  half 
developed  were  estimated  to  number  5,000.  Ten  leaves  were 
selected  at  random  within  10  feet  of  the  ground  and  the  nimiber  of 
adults  and  eggs  was  coimted,  the  former  numbering  5.3  per  leaf 
on  the  average  and  the  latter  160  per  leaf.  The  tree  was  cut  down 
and  an  examination  of  the  topmost  leaves  showed  an  average  of  186 
eggs  per  leaf;  the  adults,  being  disturbed,  were  not  coimted,  but 
judging  from  the  number  of  eggs  present  they  evidently  were  more 
rather  than  less  numerous  than  on  leaves  near  the  ground.  Con- 
sidering the  average  of  5.3  per  leaf,  however,  the  total  number  of 
adults  on  the  tree  would  be  estimated  at  26,500,  and  at  160  eggs  per 
leaf  the  number  of  eggs  deposited  would  be  estimated  at  800,000. 
At  the  time  of  this  observation  about  50  per  cent  of  the  insects  which 
overwintered  on  the  citrus  leaves  had  matured.  The  citrus  white 
fly  had  been  much  reduced  throughout  the  grove,  in  some  sections 
by  unexplained  influences,  in  others  by  these  influences  and  fumi- 
gation experiments  combined,  and  on  a  few  tangerine  trees  by  a 
fungus  parasite,  red  Aschersonia.  The  location  of  the  umbrella  tree 
did  not  seem  to  be  a  favorable  one  as  regards  opportunities  for 
white-fly  infestation,  but  examination  showed  the  infestation  to  be 
at  least  100  times  greater,  as  regards  the  number  of  adults  present, 
than  on  any  citrus  tree  in  the  grove.  There  were,  in  fact,  too  few  eggs 
deposited  on  the  leaves  of  the  citrus  trees  to  allow  of  sufficient  multi- 
pUcation  of  the  white  fly  during  the  season  to  cause  any  blackening 
of  foliage  or  fruit. 

CAPE  JESSAMINE. 

The  cape  jessamine  has  long  been  recognized  not  only  as  a  favorite 
food  plant  of  the  citrus  white  fly,  but  as  especially  important  eco- 
nomically on  account  of  its  retaining  its  foliage  throughout  the  year. 
From  a  statement  by  Biley  and  Howard  ^  concerning  observations 
by  Mr.  H.  G.  Hubbard  and  statements  by  Dr.  H.  J.  Webber,  Dr. 
Montgomery,  and  others  in  the  discussions  on  the  citrus  white  fly  at 
a  meeting  of  the  Florida  State  Horticultural  Society,  ^  it  appears  that 
the  freezes  of  December,  1904,  and  February,  1905,  which  completely 
defoliated  citrus  trees  when  not  especially  protected,  failed  to  defo- 
liate cape  jessamines.  In  many  locaUties  it  is  probable  that  this  food 
plant  was  responsible  for  the  survival  of  the  white  fly  at  the  time 
referred  to.    According  to  Dr.  Sellards,  *  temperatures  as  low  as 

1  Insect  Life,  vol.  7,  p.  282. 

'  Proceedings  of  the  Florida  State  Horticultural  Society,  1896,  p.  78. 

'Plress  Bulletin  56,  Florida  Agricultural  Experiment  Station,  p.  2. 
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16*^  above  zero  at  Lake  City,  between  January  26  and  January  29, 
1905,  failed  to  defoliate  cape  jessamine. 

Except  where  grown  for  commercial  purposes,  as  is  the  case  at 
Alvin,  Tex.,  where  the  blooms  are  shipped  to  northern  markets,  or 
where  grown  in  nurseries,  cape  jessamines  have  not  been  observed 
growing  in  sufficient  abundance  to  materially  affect  near-by  citrus 
trees  in  sections  where  the  white  fly  is  already  established.  If  over- 
looked in  connection  with  the  fumigation  of  citrus  groves  or  defolia- 
tion of  citrus  trees  by  cold,  cape  jessamines  might  become  a  serious 
hindrance  in  the  control  of  the  white  fly.  The  greatest  economic 
importance  of  the  cape  jessamine  as  a  food  plant  lies  in  the  great  dan- 
ger it  presents  as  a  distributer  of  the  white  fly.  This  will  be  referred 
to  again  under  the  subject  of  methods  of  spread. 

The  subject  of  the  adoption  of  the  cape  jessamine  by  the  citrus 
white  fly  is  not  of  sufficient  importance  to  have  been  given  more 
than  incidental  consideration.  In  general  the  degree  of  adoption 
seems  to  be  less  than  is  the  case  with  the  mnbrella  and  China  trees. 
On  November  17,  1907,  an  examination  made  of  30  leaves  picked  at 
random  from  both  old  and  new  growth  of  a  cape  jessamine  which 
appeared  to  be  in  an  ordinary  condition  of  infestation  as  observed 
when  growing  near  infested  citrus  trees  showed  that  there  existed  an 
average  of  45.1  forms  per  leaf. 

The  extensive  growth  of  cape  jessamines,  or  gardenias,  as  the 
blooms  are  sometimes  called,  for  commercial  purposes  is  known  to 
the  authors  and  occasions  a  conffict  of  interests  only  in  ALvin,  Tex. 
From  the  orange  grower^s  standpoint  this,  at  the  most,  applies  to  a 
location  adjoining  an  orange  grove  where  the  citrus  white  fly  is  imcon- 
troUed.  Fortunately,  however,  for  the  citrus  growers,  it  is  of  great 
importance  to  the  success  of  the  florist's  business  that  the  white  fly 
be  kept  in  subjection  in  gardenias. 

PRIVET  HEDGES. 

Privet  hedges  are  not  uncommon  in  citrus-growing  sections,  and 
heavy  infestations  by  the  citrus  white  fly  occur  in  parts  of  (xeoi^a 
and  South  Carolina,  where  no  citrus  trees  are  grown.  Aa  a  food 
plant  the  privets  are  of  economic  interest  in  the  same  respects  as  is 
the  cape  jessamine,  but  they  are  more  extensively  grown  and  of  pro- 
portionally greater  importance.  No  studies  have  been  made  of  tlie 
d^ree  of  adaptation  and  attractiveness,  but  the  several  species  of 
privet  observed  in  infested  localities  have  shown  the  propriety  of 
classing  them  with  citrus,  China  trees,  umbrella  China  trees,  cape 
jessamine,  and  other  preferred  food  plants.  The  senior  author  ob- 
served a  migration  of  adults  from  privet  hedges  in  Victoria,  Tex.,  in 
the  summer  of  1904,  which  indicated  that  a  hedge  of  this  material 
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might  well  be  compared  in  its  injurious  influence  on  citrus-growing 
interests  to  one  or  more  umbrella  or  China  trees.  The  privet,  Uke 
the  cape  jessamine,  is  hardy,  and  the  disadvantages  of  the  former  in 
this  connection  are  the  same  as  those  mentioned  in  discussing  the 
latter  food  plant. 

JAPANESE  AND   WILD  PERSIMMONS. 

Japanese  and  wild  persimmons  are  attractive  to  the  citrus  white 
fly  early  in  the  season,  but  appear  to  be  very  Uttle  or  not  at  all  so 
late  in  the  season.  Being  deciduous,  their  economic  importance  as 
white  fly  food  plants  is  proportionally  small.  Under  certain  condi- 
tions the  Japanese  persimmons  appear  much  more  attractive  to  the 
citrus  white  fly  than  citrus  trees.  These  conditions  have  not  been 
investigated,  but  they  are  probably  dependent  upon  the  appearance 
of  new  growth  in  the  spring  a  httle  earUer  on  persimmon  than  on 
citrus.  On  June  16,  1909,  an  examination  of  a  large  bearing  per- 
simmon tree  surrounded  by  citrus  nursery  trees  and  bearing  citrus 
trees  of  different  kinds  showed  that  the  first  spring  growth  of  the 
persimmon  was  much  more  attractive  to  the  first  brood  of  adults 
than  were  the  citrus  trees.  The  second  brood  of  adults,  however, 
found  the  persinmion  comparatively  unattractive  and  showed  a 
marked  preference  for  the  citrus  trees.  The  earUest  citrus  growth  of 
the  spring  had  become  fully  matured,  and  no  new  growth  appeared 
until  after  the  second  brood  of  adults  had  practically  disappeared. 
The  comparative  condition  of  infestation  is  shown  by  counts  made 
on  leaves  picked  at  random  from  the  persimmon  tree  and  from  the 
surrounding  citrus  trees,  including  the  sweet  orange,  sour  orange, 
tangerine,  and  grapefruit.  The  average  infestation  with  fibrst- 
generation  forms  of  the  citrus  white  fly  on  25  leaves  each  of  per- 
simmon and  citrus  was  in  the  ratio  of  10.9  to  1.3,  while  that  of  the 
same  number  of  leaves  by  the  second  generation  was  in  the  ratio  of 
no  forms  on  the  persimmon  leaves  as  compared  with  191  on  the  citrus, 
thus  showing  the  great  preference  of  the  second  generation  of  adults 
for  citrus  growth. 

Neither  the  Japanese  nor  the  wild  persimmons  are  usually  infested 
by  the  citrus  white  fly  to  the  extent  of  causing  noticeable  blackening 
from  sooty  mold.  TTie  infestation,  however,  might  be  between  from 
five  to  ten  times  as  great  as  on  the  leaves  from  the  trees  referred  to  above 
without  producing  this  result.  Small  wild  persimmon  bushes  have 
been  observed  in  a  growing  condition  at  the  time  the  adults  of  the  sec- 
ond brood  are  on  the  wing,  and  at  such  times  they  sometimes  appear  to 
be  very  attractive  as  food  plants.  Mr.  W.  W.  Yothers  has  observed 
near  Hawthorn,  Fla.,  on  April  29,  1909,  the  citrus  white  fly  on  wild 
persimmon  bushes  growing  in  pine  woods  at  distances  upward  to  one- 
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fourth  of  a  mile  from  any  citrus  grove,  and  the  junior  author  has 
made  sunilar  observations  along  roadsides  near  Orlando,  Fla.,  in 
June,  1909,  the  insects  being  in  the  adult  stage  only  in  this  latter 
case.  On  the  other  hand,  the  senior  author  noted  on  Jime  18,  1909, 
that  wild  persimmon  bushes  growing  in  a  vacant  lot  with  China  tre^ 
and  abandoned  citrus  trees  were  only  very  slightly  infested,  although 
the  citrus  trees  and  the  China  trees  were  heavily  infested.  The 
wild  persimmon  had  made  vigorous  growth,  but  its  white-fly  infesta- 
tion consisted  of  less  than  10  eggs  per  leaf  and  an  occasional  adult. 
The  examination  of  leaves  of  the  China  tree  showed  hundreds  of 
pupse  and  pupa  cases  per  leaf,  with  a  few  adults  and  newly  deposited 
eggs.  The  old  citrus  leaves  bore  many  larv»,  pup«,  and  pupa 
cases,  and  the  new  leaves  bore  hundreds  of  unhatched  eggs.  The  wUd 
persimmon  bush  was  as  favorably  located  with  respect  to  citrus  trees 
as  was  the  China  tree.  Notwithstanding  the  exceptions  noted  in 
degree  of  attractiveness,  the  Japanese  and  the  wild  perainmions  very 
evidently  rank  well  below  citrus  trees,  China  trees,  and  umbrella 
China  trees.  i 

In  so  far  as  observed  the  persimmons  have  Uttle  effect  on  the  con- 
trol of  the  citrus  white  fly^  but  in  special  cases  they  may  rank  as 
important  food  plants.  The  fact  that  the  Japanese  persimmon  is  a 
producer  of  fruit  of  some  commercial  value  makes  its  ordinary  light- 
ness of  infestation  a  matter  of  gratification.  The  wild  persimmon,  on 
the  other  hand,  is  of  practically  no  value  either  for  shade  or  fruit,  and 
can  easily  be  destroyed  where  advisable. 

T.TT.fn 

Lilac  is  not  commonly  grown  in  the  citrus-growing  regions  of  the 
Gulf  States,  and  on  this  account,  so  far  as  observed,  presents  no 
element  of  menace  to  orange  groves.  In  company  with  all  of  the 
ornamental  plants  Usted  as  preferred  food  plants  this  one  must  be 
considered,  however,  as  undesirable  for  introduction  and  growing 
in  citrus-growing  regions. 

PRICKLY  ASH. 

Belonging  to  the  family  RutacesB,  to  which  the  genus  Citrus  also 
belongs,  it  is  not  strange  that  the  prickly  ash  is  a  favorite  food  plant 
of  the  citrus  white  fly.  This  plant  seems  to  be  highly  attractive  to 
the  adult  flies,  frequently  being  observed  infested  with  more  adults 
than  many  near-by  citrus  trees  combined.  The  prickly  ash  is  conmion 
in  Florida  and  in  some  localities,  where  growing  in  abundance  along 
roadsides,  it  constitutes  a  distinct  menace  to  citrus  groves  through  its 
comiection  with  the  spread  of  the  white  fly  from  city  and  town  to 
country  and  from  grove  to  grove. 
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COFFSB. 


Dr,  E.  W.  Berger  has  reported  having  observed  a  coffee  tree  thor- 
oughly infested  with  as  many  eggs  on  its  leaves  as  citrus  leaves  may 
have.  This  food  plant  is  too  rarely  grown  in  the  Gulf  States  in 
orange-crowing  regions  to  be  of  any  importance  economically  as  a 
white-fly  food  plant. 

OCCASIONALLT  INFESTED  FOOD  PLANTS. 

The  plants  listed  in  Class  II  as  a  whole  are  of  very  little  importance 
as  regards  their  bearing  on  white-fly  control.  Banana  shrub,  cherry 
laurel,  and  cultivated  pear  might  well  be  considered  in  a  third  class 
for  rarely  infested  plants.  Although  not  uncommon,  their  attraction 
for  the  citrus  white  fly  is  so  slight  as  to  make  it  safe  to  ignore  them 
except  in  the  matter  of  introducing  the  fly  on  them  into  noninfested 
districts.  In  unpublished  notes  Dr.  Berger  has  recorded  the  wild 
olive  as  a  food  plant.  He  has  observed  the  wild  olive  infested  in  com- 
paratively isolated  places.  The  junior  author  has  observed  wild  oUve 
heavily  infested  in  Charleston,  S.  C,  and  in  several  places  in  Orange 
County,  Fla.  The  wild  olive,  being  an  evergreen,  if  neglected  may 
prove  to  be  of  considerable  importance  as  a  food  plant  when  growing 
in  abundance  near  a  fumigated  grove  or  when  citrus  trees  have  been 
defoliated  by  cold. 

Dr.  Berger  has  recorded  pomegranate,  allamanda,  and  smilax  as 
food  plants,  and  has  verified  Prof.  Gossard's  record  of  Viburnum 
nudum  as  a  food  plant  of  the  citrus  white  fly.  The  positions  of 
these  plants  as  regards  their  attractiveness  to  the  citrus  white  fly  has 
not  been  fully  determined,  and  further  observations  will  perhaps 
show  one  or  more  of  them  to  be  of  fully  as  high  if  not  of  higher  rank  in 
this  respect  than  the  persimmons.  In  general,  however,  hke  the  coffee 
and  lilac  of  Class  I,  they  are  not  of  sufficiently  common  occurrence  in 
the  Gulf  coast  citrus-growing  regions  to  be  of  much  economic  impor- 
tance as  citrus  white-fly  food  plants. 

SPREAD   IN   THE   UNITED  STATES. 

There  is  seldom  positive  evidence  in  regard  to  the  means  by  which 
the  citrus  white  fly  has  become  established  in  a  previously  non- 
infested  grove  or  locality.  Such  direct  observations,  however,  as  it  is 
possible  to  make,  aided  by  strong  circumstantial  evidence,  give  us  a 
sufficient  knowledge  of  the  methods  of  spread  to  show  the  advisa- 
bility of  certain  restrictive  measures. 

Checks  on  Successful  Establishments. 

Fortunately  the  chances  are  greatly  against  the  successful  estab- 
lishment of  the  citrus  white  fly  in  a  previously  uninfested  locality, 
which  is  outside  the  limits  affected  by  large  numbers  of  migrating 
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adults.  If  this  were  not  so  the  pest  would  have  become  established 
in  every  grove  of  the  State  long  before  the  present  time.  Except  for 
spread  by  direct  flight  and  on  nursery  trees  and  ornamental  plants, 
the  chances  are  against  more  than  a  few  insects  being  introduced  into 
a  particular  grove  by  any  of  the  other  methods  discussed  hereafter. 

In  the  case  of  a  single  adult  there  are  two  chances  in  three  that  it 
would  be  of  the  reproductive  sex.  If,  as  would  be  probable,  the 
specimen  were  a  female,  there  would  be  about  one  chance  in  three 
that  it  would  not  have  been  fertilized.  In  this  case  the  second 
generation  of  adults  would  all  be  males,  as  shown  by  the  observations 
recorded  under  the  subject  of  Parthenogenesis.  This  would,  of  course, 
end  the  infestation  directly  due  to  the  single  specimen  introduced, 
as  the  original  female  would  have  died  several  weeks  before  the  first 
male  matured.  In  case  the  originally  introduced  specimen  were  a 
female  and  fertile  the  chances  of  a  male  appeacring  among  the  second 
generation  are  not  definitely  known,  but  are  with  little  doubt  only 
smaU.  The  chances  of  such  a  male  appearing  at  a  favorable  time  to 
meet  with  and  to  fertilize  a  female  of  the  same  parentage  are  practi- 
cally negligible,  though  possible  as  a  result  of  the  great  variation  in  the 
length  of  the  life  cycle  as  recorded  under  life  history.  The  third 
generation  would,  therefore,  in  aU  probability,  be  all  males,  and  the 
infestation  ended.  The  chances  that  a  single  adult  specimen  intro- 
duced into  an  isolated  grove  or  into  a  previously  noninf ested  com- 
munity would  successfully  establish  a  permanent  infestation  are 
extremely  small.  The  chances  are  only  slightly  increased  by  an 
increase  to  5  or  even  10  in  the  number  of  adults  originally  introduced 
into  a  single  grove. 

From  the  foregoing  considerations  it  is  evident  that  two  or  more 
distinct  introductions  of  even  a  few  individuals  at  proper  intervals 
during  a  single  season  might  greatly  increase  the  chances  for  the  suc- 
cessful establishment  of  the  pest. 

FuQHT  OP  Adults. 

The  flight  of  adults  is  the  most  important  method  of  local  distribu- 
tion and  is  also  an  important  element  in  its  association  with  spread  by 
means  of  winds  and  vehicles,  railroad  trains,  and  boats. 

The  distance  to  which  the  insect  is  capable  of  jlying. — It  would  be 
almost  impossible  to  obtain  positive  records  on  the  distance  the  adult 
citrus  white  fly  is  capable  of  flying.  Mr.  W.  W.  Yothers,  on  April  29, 
1908,  found  on  wild  persimmon  first  and  second  generations  of  this 
species  of  fly  at  a  distance  of  one-fourth  of  a  mile  from  the  nearest 
orange  grove,  which  was  also  the  nearest  point  of  the  occurrence  of  a 
food  plant  upon  which  the  insect  could  have  passed  the  winter.  The 
infested  persimmons  were  in  pine  woods  and  the  insects  were  in  such 
numbers  that  it  was  evident  that  spread  through  pine  woods  might 
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easily  greatly  exceed  one-fourth  of  a  mile.  Mr.  W.  C.  Temple,  of 
Winter  Park,  Pla.,  states  that  he  has  observed  adults  migrating  into 
one  of  his  groves  on  Lake  Maitland  under  circumstances  plainly  indi- 
cating that  they  had  traveled  over  the  water  for  1}  miles.  Dr. 
Berger  has  recorded  an  instance  which  presents  strong  evidence  that 
adult  white  flies  have  heavily  infested  citrus  trees  through  flights  of  a 
mile  or  more.  On  the  other  hand,  there  are  orange  groves  within 
three-fourths  of  a  mile  of  the  city  limits  of  Orlando,  Fla.,  and  within 
2  miles  of  the  courthouse  which  have  only  so  recently  become  infested 
that  no  blackening  of  the  foUage  has  taken  place,  although  the  citrus 
white  fly  has  occurred  at  Orlando  for  more  than  10  years  with  migrat- 
ing adults  in  summer  about  as  abundant  as  in  any  town  in  the  State. 
As  regards  the  capabihty  of  flight  of  the  citrus  white  fly,  it  may  be 
said  to  be  undoubtedly  more  than  a  mile  and  perhaps  several  miles 
when  aided  by  a  gentle  breeze.  Distances  of  even  a  mile,  however, 
are  not  usually  attained  except  under  certain  circumstances  which 
are  largely  preventable  and  which  are  discussed  in  the  following 
paragraph. 

Cause  of  extensive  migrations  hy  flight — Overpopulation  of  food 
plants,  usually  associated  with  the  emergence  of  adults  in  large  num- 
bers at  seasons  when  the  new  and  attractive  growth  is  scarce  or  en- 
tirely wanting,  is  the  main  cause  for  migrations  from  citrus,  cape 
jessamine,  and  privet.  Migrations  from  China  trees  and  umbrella 
trees,  probably  the  most  potent  factors  in  the  spread  of  the  pest,  are 
not  due  directly  to  overpopulation,  so  far  as  observed,  since  leaves  are 
never  overcrowded  in  a  manner  comparable  to  the  overcrowding 
on  citrus  leaves.  An  average  of  25  live  larvae  or  pupse  and  pupa 
eases  per  square  inch  of  lower  leaf  surface  would  represent  an  un- 
usually heavy  infestation  of  a  China  or  umbrella  tree  and  is  rarely 
exceeded,  whereas  an  average  of  50  or  60  per  square  inch  is  not  un- 
usual for  citrus  leaves.  In  the  case  of  China  and  umbrella  trees,  mi- 
grations are  evidently  due  to  lack  of  attractiveness  of  the  foliage  to  the 
adult  white  flies  at  the  times  when  the  migrations  occur.  There  are 
comparatively  few  live  larv»  and  pupae  on  the  foliage  after  the  middle 
of  August  at  Orlando.  The  greater  part  of  these  represent  delayed 
emei^ence  from  the  second  generation  of  white  flies  and  not  the  result 
of  eggs  deposited  by  the  third  brood  of  adults.  This  supports  direct 
observations  to  the  effect  that  the  third  brood  of  adults,  which  iscon- 
eemed  in  the  most  extensive  migrations,  deposits  practically  no  eggs 
on  the  China  and  umbrella  trees. 

China  and  umbrella  trees  as  a  factor  in  dissemination. — ^Umbrella 
and  China  trees  are  extensively  grown  throughout  the  Gulf  coast 
citrus-growing  regions,  and  they  are  almost  entirely  responsible  for 
the  himdreds  of  milUons  of  adults  which  in  midsummer  appear  on 
the  wing  throughout  most  of  the  towns  where  the  citrus  white  fly 
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occurs.  That  these  are  principally  those  which  have  bred  upon 
China  and  umbrella  trees  is  shown  clearly  by  the  fact  that  at  Gaines- 
ville, Lake  City,  Tallahassee,  and  other  points  in  the  northern  part  of 
Florida,  where  other  food  plants  are  too  few  to  produce  noticeable 
numbers  of  migrating  adults,  the  numbers  are  apparently  not  less 
than  where  both  citrus  trees  and  China  and  umbrella  trees  are  exten- 
sively grown,  as  at  Orlando.  On  this  point,  Dr.  Berger  states:* 
'*The  principal  food  plants  in  Gainesville  and  north  Florida  are  China 
and  umbrella  trees,  there  being  only  enough  citrus,  privet,  and  other 
evergreen  food  plants  to  bring  about  the  restocking  of  the  deciduous 
trees  every  spring."  These  considerations  indicate  very  positively 
the  main  source  of  the  enormous  number  of  migrating  adult  flies  on 
trees  in  midsummer,  sometimes  observed  between  the  middle  of 
May  and  the  middle  of  June.  These  adults  are  the  second  brood  of 
the  season  and  the  first  to  mature  on  the  food  plants  mentioned.  The 
newer  growth  of  these  trees  is,  as  has  been  shown,  very  attractive  to 
the  adult  flies,  and  if  there  is  an  abundance  of  it  comparatively  few 
migrate.  The  third  brood,  composed  mainly  of  individuals  of  the 
second  and  third  generations,  matures  over  a  more  extended  period, 
in  general  covering  the  months  of  July  and  August  in  different  sec- 
tions of  Florida. 

Estimates  of  the  number  of  adult  citrus  white  flies  breeding  on 
umbrella  trees  and  on  citrus  trees  as  given  under  the  subject  of  food 
plants  have  shown  that  a  single  umbrella  tree  of  medium  size  may 
produce  as  many  adult  white  flies  by  midsununer  as  could  be  pro- 
duced on  7  acres  of  orange  trees.  The  maturity  of  so  many  adults 
on  single  trees,  and  their  migration  therefrom  in  search  of  a  more 
desirable  food  supply  than  China  and  umbrella  trees  afford  in  mid- 
summer, cause  the  rapid  spread  of  the  pest  throughout  the  towns, 
directly  by  flight  of  the  adults  and  by  mediums  hereinafter  dis- 
cussed into  the  surrounding  country  and  from  town  to  town  along 
railway  lines  and  watercourses. 

Dissemination  by  flight  when  citrus  trees  only  are  concerned. — It  has 
been  shown  under  the  subject  of  food  plants  that  the  citrus  wMte  fly 
does  not  ordinarily  increase  to  the  point  of  overcrowding  on  grape- 
fruit. Migrations  of  adults  in  noticeable  numbers  from  solid  blocks 
of  these  trees  probably  never  occur  under  ordinary  circumstances, 
and  spread  through  such  blocks  or  groves  from  the  first  point  of  infes- 
tation is  very  slow  if  no  other  food  plants  are  concerned.  Thcspread 
in  groves  of  orange  or  tangerine  trees  or  of  both  is  more  rapid,  but 
not  as  much  so  as  ordinarily  considered.  The  white  fly  is  rarely 
observed  during  its  first  year's  appearance  in  a  citrus  grove.  Atten- 
tion is  usually  first  attracted  to  its  presence  through  the  blackening 
of  foliage  on  one  or  a  few  trees.     This  blackening  of  foUage  in  itself 
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is  almost  positive  evidence  of  the  presence  of  the  fly  in  the  grove 
during  at  least  the  preceding  two  years  unless  the  infestation  is  due 
to  migrations  from  China  or  umbrella  trees  or  from  overstocked 
neighboring  citrus  groves.  In  such  cases  infestation  may  become 
quite  general  throughout  several  acres  in  one  season  and  extensive 
blackening  of  the  foUage  may  result  early  in  the  next  season,  or  in 
about  one  year  after  the  first  introduction.  In  the  case  of  new  infes- 
tation in  any  locaUty,  however,  the  banning  doubtless  is  usually 
the  introduction  of  a  few  insects  by  some  one  of  the  means  herein- 
after discussed.  In  a  mixed  grove  of  tangerine  and  orange  the  pest  - 
is  discovered  first  as  a  rule  on  tangerine,  and  in  a  grove  of  seedling 
trees  with  a  few  budded  trees  intermixed  usually  the  latter  are  first 
discovered  to  be  infested.  Many  citrus  growers  who  have  groves, 
such  as  those  mentioned,  and  who  have  watched  carefuUy  for  the 
appearance  of  the  pest  in  their  groves,  have  finally  found  it  well 
established  on  a  single  tangerine  or  budded  orange  tree  before  any 
evidence  of  the  presence  of  the  insect  was  observed  elsewhere. 
Through  the  hindrances  to  successful  estabUshment  and  the  checks 
on  multiphcation,  principally  those  discussed  in  connection  with 
parthenogenesis  and  natural  mortality,  the  white  fly  frequently 
develops  so  slowly  after  its  first  introduction  that  it  may  not  increase 
to  the  point  where  it  is  usually  first  observed  for  three  or  four  years. 
It  is  a  common  error  to  consider  that  the  first  discovery  of  the  white 
fly  in  a  grove  is  an  indication  of  its  very  recent  introduction.  This 
may  or  may  not  be  the  case.  Usually  it  is  not  the  case.  It  should 
be  borne  in  mind  in  this  connection  that  in  the  most  careful  inspec- 
tion, even  by  a  competent  entomologist,  the  failure  to  discover  a 
single  specimen  of  the  white  fly  is  not  positive  proof  that  it  is  not 
present.  The  foregoing  generalizations  are  based  upon  many 
observations  by  the  agents  of  this  bureau  who  have  been  engaged  in 
these  investigations,  more  particularly  the  authors  of  this  bulletin 
and  Mr.  W.  W.  Yothers. 

The  rapidity  of  spread  into  a  citrus  grove  from  neighboring  infested 
groves  is  a  subject  which  becomes  temporarily  important  when  a 
nonisolated  grove  becomes  infested  for  the  first  time.  It  is  a  subject 
of  more  far-reaching  importance  in  connection  with  fumigation,  and  it 
is  in  this  connection  that  the  most  extensive  studies  in  this  hne  have 
been  made.  The  result  of  these  studies  will  be  pubUshed  in  a  final 
report  on  fumigation. 

The  slowness  with  which  the  citrus  white  fly  increases  in  numbers 
and  spreads  from  the  first  point  of  infestation  has  been  noted  by 
many  citrus  growers  who  have  been  observant  enough  to  discover 
the  white  fly  soon  after  its  introduction  into  their  groves.  When 
the  rate  of  spread  of  the  white  fly  through  the  grove  is  affected  by 
tHe  presence  of  migrating  adults  from  China  or  umbrella  trees,  the 
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difficulties  in  effectively  utilizing  artificial  checks,  spraying  and  fumi- 
gation, are  greatly  increased.  As  the  infested  area  in  a  newly  infested 
grove  or  locality  becomes  larger  the  rate  of  spread  by  flight  increases, 
aided  by  secondary  centers  of  infestation  which  become  established 
by  various  means. 

Winds. 

Light  winds  are  an  important  adjunct  to  flight  in  the  local  distri- 
bution of  adult  white  flies,  but  strong  winds  are  ordinarily  of  slight 
consequence.  The  effect  of  light  winds  is  shown  by  the  influence 
of  almost  imperceptible  movements  of  the  air  on  the  direction  of 
migrations.  This  is  especially  noticeable  in  the  vicinity  of  China 
and  umbrella  trees  during  a  season  when  adults  are  emerging  in  abun- 
dance. The  principal  effect  of  the  movement  of  the  air  under  such 
conditions  is  not  in  carrying  the  insects,  but  in  causing  the  flight 
energy  of  the  insect  to  be  expended  in  one  general  direction  rather 
than  to  be  wasted  in  zigzag  lines  with  comparatively  little  real  pro- 
gression. Other  conditions  being  equal,  the  adult  white  flies  migrate 
in  greatest  abundance  when  the  atmosphere  is  calmest,  and  con- 
versely show  the  least  tendency  to  migrate  in  strong  winds.  It 
is  possible  that  isolated  infestations  may  sometimes  result  from 
spread  of  adults  by  strong  winds,  but  it  is  seldom  that  there  is  not 
a  more  plausible  explanation  obtainable.  With  the  white  fly  pres- 
ent in  abundance  for  many  years  in  Orlando,  Fla.,  and  other  towns 
and  cities  in  important  orange-growing  sections  of  Florida,  the  fact 
that  there  are  still  many  noninfested  citrus  groves  within  a  radius 
of  5  miles  of  nearly  all  such  centers  of  infestation  is  in  itself  an  indi- 
cation of  the  minor  influence  of  winds  in  this  connection.  Strong 
breezes  or  winds  exert  some  check  on  the  spread  of  adults  by  causing 
them  to  cling  tenaciously  to  their  support,  as  pointed  out  by  Prof. 
H.  A.  Gossard.^ 

VEHICLES,  RAILROAD  TRAINS,  AND   BOATS. 

In  towns  in  Florida  where  the  citrus  white  fly  occurs  and  China 
trees  and  umbrella  trees  are  abundant  it  is  a  matter  of  common 
observation  that  during  the  periods  of  migration  large  niunbers  of 
adults  alight  upon  automobiles,  carriages,  wagons,  and  raUroad  coaches. 
The  authors  have  seen  covered  carriages  with  more  than  100  adults 
resting  on  the  inside  of  the  top  and  sides.  In  driving  through  a 
heavily  infested  citrus  grove  in  late  afternoon  at  certain  seasons, 
hundreds  of  adults  may  be  observed  on  the  carriage  (PI.  VI,  fig.  2). 
Newly  infested  groves  show  the  first  infestation  so  frequently  on  trees 
close  to  a  driveway  or  road  that  conveyance  of  the  citrus  white  fly  by 
means  of  carriages,  wagons,  and  automobiles  must  be  considered  one  of 
the  most  important  methods  of  spread  from  town  to  surrounding 
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Plate  VI. 


Dissemination  of  White  Flies. 

Fig.  1.— Nursery  citnis  trees  infested  with  white  flies  set  out  in  nn  isolated  nooinfested  grove 
without  having  lenves  removed.  Fig.  2.— Buggy  inun  orange  grove;  buggy  top  full  of  adult 
white  flies  read v  to  be  carried  to  other  groves.  Fi^.  3.— Train  at  station;  adult  citrus  white 
flies  swarming  from  near-by  umbrella  China  trees  into  coaches  ready  to  be  carried  for  miles 
down  the  Florida  east  coast.    (Original.) 
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country  or  from  grove  to  grove.  At  Orlando,  in  July,  1906,  adult 
citrus  white  flies  were  observed  late  in  the  afternoon  alighting  on  the 
sides  of  coaches  and  flying  into  the  windows  and  doors  of  coaches 
of  a  passenger  train  standing  at  a  railroad  station  (PI.  VI,  fig.  3). 
Hundreds  of  adults  were  carried  west  toward  Wildwood  through 
points  which,  so  far  as  known,  were  not  infested  at  the  time.  The 
presence  of  China,  umbrella,  or  citrus  trees  near  railroad  stations 
increases  the  chances  for  successful  introduction  by  railroad  trains. 
In  this  connection  the  recent  action  of  the  Atlantic  Coast  line  Rail- 
road and  Seaboard  Air  line  Railway  in  destroying  such  trees  along 
their  right  of  way  is  to  be  commended.  A  map  of  Florida  showing 
the  distribution  of  the  citrus  white  fly  plainly  indicates  the  relation 
between  the  railroads  and  the  main  lines  of  dissemination.  This  is 
shown  in  an  incomplete  way  by  figure  2,  in  which  are  given  the  points 
infested  by  the  citrus  white  fly  in  Florida  according  to  the  records 
made  in  connection  with  the  present  investigation  and  such  other 
records  as  are  imdoubtedly  correct  or  which  have  been  verified.  The 
infestation  at  Arcadia,  Ma.,  first  discovered  in  January,  1907,  but 
which  probably  resulted  from  an  introduction  of  citrus  white  flies 
in  1905,  was  with  Uttle  doubt  due  to  the  introduction  of  adult  flies 
by  means  of  railroad  trains.  An  examination  of  the  situation  in 
February,  1907,  by  the  senior  author  showed  the  center  of  infestation 
to  be  located  near  railroad  stations,  and  careful  inquiry  concerning 
other  possible  sources  showed  that  railroad  trains  were  the  most 
likely  means  of  introduction.  North  of  Arcadia  no  nearer  infested 
point  was  known  than  Bartow  and  toward  the  south  no  nearer 
infested  point  than  Fort  Myers.  The  distance  in  each  case  was  about 
40  miles.  So  far  as  known  there  were  at  that  time  no  intermediate 
points  infested  between  Arcadia  and  the  two  points  mentioned. 
Here  again  the  factors  unfavorable  to  the  successful  establishment 
of  the  pest  in  a  previously  uninfested  locality  play  an  important  rdle, 
as  shown  by  the  fact  that  even  at  the  present  writing  the  citrus  white 
fly  is  not  generally  distributed  between  Bartow  and  Fort  Myers, 
As  we  have  no  record  and  have  heard  no  report  of  the  occurrence  of 
the  fly  at  any  other  point  than  Arcadia,  it  is  unlikely  that  other 
infested  points  exist. 

Steamboats  are  used  quite  extensively  on  the  rivers  and  along  the 
coast  of  Florida  in  transporting  citrus  fruits  and  have  in  a  degree  a 
similar  status  to  railroad  trains  in  transporting  the  citrus  white  fly. 

Citrus  Nurssrt  Stock  and  Ornajcbntal  Plants. 

The  carriage  of  the  citrus  white  fly  in  its  egg,  larval,  and  pupal 
stages  by  means  of  citrus  nursery  stock  (PI.  VI,  fig.  1)  and  ornamental 
plants  has  always  been  an  important  factor  in  the  spread  of  the 
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insect.  The  citrus  white  fly  was  without  doubt  introduced  into  the 
United  States  and  distributed  to  the  most  important  centers  of 
infestation  by  this  means.  In  Florida  the  white  fly  was  probably 
introduced  first  on  citrus  nurseiy  stock  into  some  citrus  grove  on  the 
St.  Johns  River  in  St.  Johns  County,  and  later  by  the  same  means 
into  Manatee  and  Fort  Myers.  Oainesville,  Ocala,  Oriando,  and 
Bartow  were  probably  among  the  points  to  which  the  white  fty  was 
introduced  on  nursery  stock.  The  distribution  of  the  citrus  niiite 
fly  along  the  Gulf  coast  citrus-growing  regions  west  of  Florida  has 
been  largely  due  to  shipments  of  infested  citrus  nursery  stock, 
umbrella  trees,  privets,  and  cape  jessamines.  Of  all  methods  of 
spread  which  are  operative  over  greater  distances  than  the  flight  of 
adults,  introductions  of  live  immature  stages  on  trees  or  shmbs  for 
transplanting  purposes  are  by  far  the  most  certain  to  result  in  the 
successful  establishment  of  the  species.  Fortunately  it  is  practicaUe 
to  prevent  spread  by  this  method  by  defoliating  the  trees  as  they  leave 
the  nursery.  Much  has  been  accomplished  in  the  past  by  individual 
citrus  growers,  but  more  attention  should  be  given  to  this  matter  in 
communities  not  now  infested  by  both  of  the  white  flies  treated  in  this 
bulletin. 

Agcidbntal  Spread  by  Man. 

Carriage  oj  {he  aduU  white  flies  on  human  leings. — ^Man  is  doubtless 
responsible  to  a  limited  extent  for  the  spread  of  adult  white  flies. 
During  migrating  periods,  when  in  heavily  infested  orange  groves  or 
in  towns  where  there  are  infested  China  and  umbrella  trees,  adults  are 
frequently  observed  on  the  clothing.  Prof.  H.  A.  Grossard  states 
that  he  has  carried  adult  white  flies  for  nearly  half  a  mile  on  his 
clothing  after  standing  beneath  a  heavily  infested  tree. 

Introduction  in  pickers'  outfits. — In  some  instances  the  citrus 
white  fly  is  believed  to  have  been  introduced  into  previously  unin- 
fested  localities  by  orange  pickers.  In  this  case  the  principal  danger 
lies  in  introducing  Uve  pupae  on  citrus  leaves  accidentally  brought 
in  with  picking  sacks  and  field  boxes.  The  authors  consider  that  there 
is  practically  no  danger  of  the  carriage  of  adults  of  the  citrus  white 
fly  by  pickers'  outfits  between  December  1  and  March  1.  The  few 
adults  present  in  citrus  groves  during  this  period  would  rarely  result 
in  their  transference  to  uninf ested  groves  by  such  means,  and  the 
unfavorable  factors  heretofore  discussed  would  almost  certainly 
prevent  the  successful  establishment  of  the  pest.  It  would  be 
almost  impossible  to  conceive  of  any  hkely  method  by  which  a  suc- 
cessful introduction  of  the  citrus  white  fly  into  a  noninfested  grove 
could  be  accomplished  by  the  carrying  of  leaves  infested  by  eggs  or 
larvfle.  Leaves  infested  with  Uve  pupae,  however,  particularly  about 
the  time  of  the  beginning  of  emergence  of  the  first  spring  brood, 
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might  readily  produce  a  sufficient  number  of  adults  to  successfully 
establish  the  pest.  Such  leaves,  after  introduction,  would  need  to 
have  a  favored  location,  for  exposure  to  much  simlight  or  to  too 
much  moisture  would  soon  destroy  the  insects. 

Introduction  on  leaves  infected  with  parasitic  fungi. — ^The  matter  of 
spread  of  the  white  fly  in  connection  vrith  the  attempt  to  introduce 
parasitic  fungi  is  a  subject  of  considerable  importance.  The  danger 
here  is  due  to  the  failure  to  recognize  the  distinction  between  the 
citrus  white  fly  (Aleyrodes  citri)  and  the  cloudy-winged  white  fly 
(Aleyrodes  nubifera).  The  owner  of  a  grove  infested  by  the  latter 
species  only,  would  provide  a  very  favorable  opportunity  for  the 
introduction  of  the  first  and  most  destructive  species  if  in  introduc- 
ing parasitic  fungi  he  should  obtain  his  supply  of  leaves  from  certain 
sections  of  Florida.  The  spread  of  the  cloudy-winged  white  fly  has 
been  encoiu-aged  in  a  similar  manner.  The  tree-planting  method  of 
introducing  the  fungi,  especially  the  brown  fungus,  is  the  most  dan- 
gerous practice  in  this  connection.  Of  somewhat  less  danger  in  the 
individual  cases,  but  of  far  greater  danger  on  account  of  the  more 
frequent  opportunities  presented,  is  the  introduction  of  fungus- 
infected  leaves  for  pinning  or  for  spraying  the  spores.  The  pinning 
of  leaves  as  a  means  of  introducing  the  parasitic  fungi  has  Utile  more 
to  recommend  it  than  the  tree-planting  method,  but  it  has  without 
doubt  been  the  means  of  introducing  the  citrus  white  fly  on  many 
occasions.  Leaves  introduced  for  the  spore-spraying  method  of 
spreading  the  fungus  parasites  are  an  element  of  much  danger  under 
certain  conditions.  Some  sections  of  Florida  in  which  only  the  cloudy- 
winged  white  fly  occurs  are  in  more  danger  of  having  the  citrus  white 
fly  introduced  by  some  uninformed  person  in  this  way  than  they  are 
of  its  introduction  in  any  other  manner.  Specific  examples  might  be 
cited  where  the  introduction  of  either  A.  citri  or  A.  nubifera  was 
with  little  doubt  due  to  introducing  fungus-infected  leaves  or  trees, 
but  the  danger  is  too  obvious  to  require  further  discussion  in  this  place. 

LIFE   HISTORY   AND   HABITS. 

Summary. 

The  ^gs  of  the  citrus  white  fly  (fig.  3)  are  laid  scatteringly,  with 
few  exceptions,  on  the  underside  of  the  leaves  of  the  various  food 
plants,  and  hatch  in  from  8  to  24  days,  according  to  the  season. 
During  ordinary  summer  weather  from  75  to  100  per  cent  hatch 
on  the  tenth  to  twelfth  day.  Infertile  eggs  hatch  as  readily  as  fertile 
eggs  and  produce  adults  of  the  male  sex  only.  After  hatching,  the 
young  larva  (figs.  4-6)  actively  crawls  about  for  several  hours,  when 
it  ceases  to  crawl,  settles  upon  the  underside  of  the  leaf,  and  begins 
to  feed  by  sucking  the  plant  juices.     It  molts  three  times  before 
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becoming  a  pupa.  After  the  first  molt  (see  fig.  7)  the  I^s  become 
vestigial;  hence  thereafter  it  is  impossible  for  it  to  materially  change 
its  location  upon  the  leaf.  Larval  life  averages  in  length  from  23  to 
30  days.  The  pupa  (fig.  9)  closely  resembles  the  grown  larva  (fig.  8) 
and  requires  from  13  to  304  days  for  development.  The  adult  fly 
(fig.  10)  has  an  average  life  of  about  10  days,  although  several  females 
have  been  fiinown  to  live  27  days.  Females  may  begin  depositing 
eggs  as  soon  as  6  hours  after  emergence  and  continue  ovipositing 
throughout  life.  The  maximum  egg-laying  capacity  is  about  250 
eggs,  although  150  more  nearly  represents  the  number  laid  under 
grove  conditions.  Unfertilized  females  deposit  as  many  eggs  as 
fertile  females. 

The  entire  life  cycle  from  egg  to  adult  requires  from  41  to  333 
days;  the  variation  in  the  number  of  days  required  from  eggs  laid 
on  the  same  leaf  on  the  same  day  is  very  remarkable.  During  the 
course  of  the  year  the  fly  may  pass  through  a  minimum  of  two  gen- 
erations and  a  maximum  of  six  generations.  The  generation  started 
by  the  few  adults  that  emerge  during  the  winter  is  entirely  dependent 
upon  weather  conditions  and  may  or  may  not  occur.  Each  genera- 
tion except  those  started  after  the  middle  of  Augiist  is  more  or  less 
distinctly  two-brooded. 

Methods  op  Stxtdy. 

As  it  is  impossible  to  rear  citrus  white  flies  through  their  entire 
life  cycle  on  detached  leaves,  a  gauze-wire  cage  was  devised  by  the 
senior  author  which  has  proved  of  great  value  and  convenience  in 
carrying  on  life-history  studies  under  conditions  aa  nearly  normal  as 
it  is  possible  to  get  them.  This  cage*(Pl.  VTI),  which  is  cylindrical 
in  shape  and  open  at  one  end,  may  be  made  any  size,  but  one  6i 
inches  long  by  3^  inches  in  diameter  has  proved  most  convenient. 
It  can  easily  be  made  by  fashioning  two  rings  of  heavy  wire  to  which 
is  soldered  the  wire  gauze,  as  shown  in  the  illustration.  To  the  open 
end  is  attached  a  piece  of  closely  woven  cheesecloth  long  enough 
to  extend  about  4  inches  beyond  the  cage.  After  the  leaf,  or  leaves, 
to  be  caged  have  been  cleaned  of  all  stages  of  the  white  fly  by  iqeans 
of  a  hand  lens  and  cloth,  the  cage  is  slipped  over  the  foliage.  The 
adult  flies  are  then  introduced,  if  desired,  and  the  cloth  attached  to 
the  cage  wrapped  around  the  stem  of  the  shoot  or  petiole  of  the  leaf, 
as  the  case  may  be,  in  such  a  maimer  that  the  flies  can  not  escape 
nor  the  ants  and  other  predaceous  insects  enter.  To  keep  the  entire 
weight  of  the  cage  from  falling  on  the  petiole  of  the  leaf  or  its  short 
stem,  and  to  r^ulate  the  position  of  the  leaf  within  the  cage,  a  cord 
is  tied  around  the  outer  end  of  the  cage  and  attached  by  the  loose 
end  to  a  convenient  branch. 
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Plate  VII. 


Cages  for  Rearing  White  Flies. 
Fig.  1.— Rearing  cages  in  position  on  orange  trees.    Fig.  2.— Enlarged  rearing  cage.    (Original.) 
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A  very  satisfactory  method  of  definitely  marking  larvae  in  order 
that  no  mistake  may  be  made  in  identifying  field  notes  with  the 
individual  larvae  to  which  they  refer,  is  to  scratch  lightly  on  the 
epidermis  of  the  leaf,  with  a  thom  or  pin,  a  bracket  or  other  mark 
and  outside  this  a  number  that  shall  correspond  with  that  used  in 
the  note  book.  In  marking  larvae  care  should  be  taken  in  scratching 
the  leaf  to  allow  for  the  future  growth  of  the  insect  and  not  to  injure 
the  epidermis  of  the  leaf  too  severely.  In  this  maimer  a  large  number 
of  larvae  were  marked  as  soon  as  they  settled  and  their  growth  noted 
by  daily  observations. 

In  determining  the  sums  of  effective  temperature,  43^  F.  has  been 
taken  as  a  basis   in  accordance  with   Dr.  Merriam's  general   law 
although  this  has  led  to  certain  inaccuracies  of  which  the  authors 
are  aware.     The  determination  of  the  effective 
temperature  in  the  case  of  the  white  fly  would 
require  a  special  study  which  it  has  been  i^lprac^ 
ticable  to  undertake. 

The  Eoo. 
description. 


PiQ.  3.  — The  citrus  white 


The  eggs  of  the  citrus  white  fly  (fig.  3)  are  so 
small  that  they  appear  to  the  unaided  eye  as  nj  {Aievrodes  citri):  Eggs, 
fine  particles  of  whitish  dust  on  the  under  sur-  oreauy  enlarged.  (Origw 
face  of  the  leaves.  Their  minute  size  is  empha- 
sized by  the  fact  that  118  placed  end  to  end  would  measure  but  an 
inch,  while  about  35,164  could  be  placed  side  by  side  in  one  square 
mch.  Under  the  magnifying  lens  they  appear  as  smooth,  polished, 
greenish-yellow  objects  shaped  much  like  a  kernel  of  wheat.  Fol- 
lowing is  a  more  minute  description: 

Length,  0.2-0.23  mm.;  width,  0.08-0.09  mm.  Surface  highly  polished,  without 
sculpturing,  color  pale  yellow  with  faint  greenish  tinge  when  first  deposited,  paler  than 
the  under  siurface  of  the  leaf.  Egg  elongate,  subellipsoid,  slightly  wider  beyond  the 
middle  or  at  about  the  point  where  the  eyes  of  the  embryo  subsequently  appear;  borne 
at  end  of  a  comparatively  slender  brownish  petiole  or  footstalk,  slightly  ediorter  than 
the  width  of  the  egg,  and  somewhat  knobbed  at  base. 

As  the  embroyo  approaches  maturity  its  purple  eyes  may  be  seen 
showing  distinctly  through  the  egg  membranes  at  a  point  beyond  the 
middle  of  the  egg.  At  about  this  time,  also,  the  hitherto  uniformly 
colored  egg  contents  become  orange  or  golden  at  the  proximal  end  and 
whitish  translucent  on  the  distal  three-fourths.  The  egg  surface 
sometimes  assumes  a  white  pruinose  appearance,  due  to  the  presence 
of  wax  rubbed  from  the  bodies  of  the  adults  while  crawling  over  the 
e^.  Eggs  deposited  on  leaves  from  which  the  adults  have  been 
excluded  after  egg  deposition  do  not  show  this  pruinose  condition. 
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Eggs  in  which  the  embryonic  development  is  normal  do  not  turn  dark 
in  color,  but  those  killed  through  attack  by  thrips  or  by  other  agency 
frequently  become  bronze  colored,  thus  resembling  the  eggs  of  A. 
nubifera  from  which  the  waxy  sculpturings  have  been  rubbed. 

DURATION    OP    EGO    8TAGB. 

That  no  doubt  might  arise  concerning  the  exact  age  of  the  eggs 
used  in  obtaining  the  data  incorporated  into  Table  \111,  suitable 
leaves  were  selected  from  which  all  ^gs  previously  deposited  were 
carefully  removed  by  the  aid  of  the  hand  lens  and  a  cloth.  Similar 
attention  was  given  the  leaf  petiole  and  the  stalk,  and  wads  of  cotton 
were  tied  about  the  latter  both  above  and  below  the  leaf  to  prevent 
crawling  yoimg  from  reaching  the  leaf  along  the  petiole  (PI.  VII,  fig. 
1).  These  preliminary  steps  completed,  a  rearing  cage  containing 
adult  white  flies  was  placed  over  the  leaf  and  allowed  to  remain  the 
length  of  time  desired,  usually  from  1  to  24  hoius,  with  preference 
shown  the  latter  number.  The  cage  was  then  remoyed  and  an 
empty  one  put  in  its  place.  By  this  method  all  doubt  was  removed 
as  to  the  period  of  time  over  which  deposition  took  place.  As  there 
is  scarcely  a  leaf  in  a  grove  infested  with  the  citrus  white  fly  that 
does  not  bear  from  a  few  to  many  eggs,  this  becomes  an  important 
point  and  failure  in  its  recognition  has  led  in  the  past  to  statements 
greatly  underestimating  the  minimum  duration  of  the  egg  stage  dur- 
ing the  warmer  months. 
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The  conclusions  presented  herewith  are  drawn  from  the  data  pre- 
sented in  Table  VIII,  based  upon  daily  observations  of  over  5,000 
eggs  deposited  at  intervals  from  February  to  October.  From  these 
and  other  data  not  included,  it  can  be  stated  that  the  eggs  hatch  dur- 
ing a  period  of  from  8  to  24  days  after  deposition,  according  to  the 
season  of  the  year.  While  there  are  no  data  regarding  the  length  of 
the  incubation  period  for  eggs  deposited  by  the  few  female  flies  occa- 
sionally seen  diiring  the  winter  montlis,  as  noted  under  seasonal  his- 
tory, it  is  probable  that  hatching  extends  over  even  a  greater  number 
of  days  during  the  winter  season.  The  deposition  of  such  eggs  is, 
however,  a  comparatively  rare  occurrence  and  will  receive  no  further 
mention  here.  In  no  instance  have  eggs  been  seen  to  hatch  before 
the  eighth  day  from  deposition,  even  during  the  months  July  and 
August,  1907,  when  the  average  mean  temperatures  were  sli^tly 
above  normal,  while  under  the  most  favorable  summer  weather  con- 
ditions from  75  to  100  per  cent  of  the  eggs  hatch  during  the  period 
from  the  tenth  day  to  the  twelfth  day  from  deposition. 

In  general,  the  warmer  the  season  the  shorter  and  more  nearly  uni- 
form is  the  period  of  egg  development  or  incubation.  During  the 
months  of  July  and  August,  when  the  normal  monthly  temperatures 
at  Orlando  range  from  about  72^  F.  as  the  mean  of  the  minimums  to 
about  93^  F.  as  the  mean  of  the  maximum  records,  practically  all  the 
eggs  hatch  from  the  tenth  day  to  the  twelfth  day.  Even  at  this  most 
favorable  season,  in  one  instance  hatching  was  delayed  for  19  days. 
During  the  somewhat  cooler  weather  of  late  September  and  eariy 
October  and  the  decidedly  cooler  months  of  February,  March,  and 
April,  hatching  is  more  or  less  delayed  according  to  tiiie  prevailing 
temperature  and  is  scattered  over  a  larger  number  of  dajrs.  This 
same  result  is  brought  about,  only  in  a  less  degree,  by  a  cool  period 
occmring  in  an  otherwise  warm  season,  as  shown  imder  record  4 
(Table  VIII). 

Reference  to  the  daily  rate  of  hatching  in  Table  VIII,  and  to  the 
accompanying  degrees  of  accumulated  effective  temperatures,  shows 
that  regardless  of  the  time  of  year  deposited  and  the  number  of  days 
required  for  incubation,  over  90  per  cent  of  the  ^gs,  on  an  average, 
hatch  between  the  accumulation  of  from  375"^  to  475^  of  effective 
temperature. 

Exception  to  this  statement  must  be  taken  in  records  1  and  2 
(Table  VIII).  The  number  of  degrees  of  effective  temperature 
required  seems  to  be  greater  at  this  season,  although  this  might  not 
prove  to  be  the  case  if ,  as  is  probable,  an  error  has  arisen  from  using 
43^  F.  as  the  basis  for  calculating  the  effective  temperature. 

Reference  to  the  two  preceding  tables  shows  that  considerable 
variation  exists  in  the  length  of  the  egg  stage  among  eggs  deposited 
on  the  same  day,  or  even  within  the  same  hour,  and  subsequently 
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subjected  to  identical  conditions  of  heat  and  moisture.  Even  when 
hatching  was  most  concentrated  during  the  heat  of  summer  and  99.8 
per  cent  of  the  ^^s  hatched  on  the  tenth  and  eleventh  days  from 
date  of  deposition,  hatching  extended  over  a  period  of  from  9  to  19 
days.  Hatching  over  a  period  of  from  6  to  7  days  after  the  first 
crawling  yomig  appears  is  an  ordinary  occurrence  during  the  cooler 
portions  of  the  season  of  activity.  In  this  respect,  white-fly  eggs  are 
markedly  different  from  the  eggs  of  most  other  insects  deposited  in 
batches  which  usually  hatch  within  one  or,  at  the  most,  a  few  hours 
of  each  other. 

PARTHENOGENESIS. 

The  .existence  of  parthenogenesis  among  aleyrodids  was  first  rec- 
ognized by  the  senior  author  ^  in  connection  with  his  investigations 
of  the  greenhouse  white  fly  (A,  vaporariorum) ,  His  prediction  at  that 
time  that  this  method  of  reproduction  would  ultimately  be  proved  to 
occur  among  many  if  not  all  the  species  of  Aleyrodes  has  been  strength- 
ened by  the  results  of  the  present  investigations.  While  there  are  no 
definite  data  to  the  effect  that  parthenogenetic  eggs  are  deposited 
imder  natural  conditions,  there  is  practically  no  doubt  that  such  depo- 
sition does  occur,  especially  by  females  not  yet  mated  or  by  females 
appearing  at  unseasonable  times  or  when  males  are  decidedly  in  the 
minority.  Scattered  females  emerging  during  the  winter,  or  resulting 
from  the  comparatively  few  pup©  surviving  fumigation,  either  never 
have  the  opportimity  to  mate  or  deposit  many  of  their  eggs  before 
such  opportunity  presents  itself. 

That  virgin  females  of  A.  citri,  emerging  from  pupse  kept  separately 
in  vials,  and  later  confined  in  rearing  cages  imder  normal  grOve  con- 
ditions, except  for  the  exclusion  of  males,  will  readily  deposit  the  nor- 
mal nimiber  of  eggs,  and  that  these  eggs  will  develop  normally  and 
will  produce  adults  of  the  male  sex,  has  been  thoroughly  demonstrated. 
Of  the  five  separate  cage  experiments  started  with  parthenogenetic 
eggs,  all  of  111  adults  emerging  in  four  of  the  cages  were  males,  while 
of  208  more  adults  emerging  from  the  fifth  cage,  all  but  4  individuals 
were  males;  the  4  females  emerging  under  such  conditions  as  to  lead 
to  the  supposition  that  they  came  from  fertile  eggs  overlooked  in 
preparing  the  leaf  for  the  experiment. 

HATCHING. 

In  hatching,  the  egg  membranes  rupture  at  the  end  opposite  the 
pedicel,  and  then  split  down  each  side  sufficiently  to  permit  the 
young  larva  to  crawl  out.  The  glistening  eggshell,  somewhat  resem- 
bling in  appearance  a  bivalve  shell,  eventually  becomes  shriveled 
and  loses  its  original  form. 

>  Notee  on  Some  Aleyrodes  from  Masseichusetts,  with  Descriptions  of  New  Species. 
Psyche,  April,  1903,  p.  81.    Technical  Bulletin  No.  1,  Mass.  Agr.  Exp.  Sta.,  pp.  31-33. 
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Proparium  of  eggs  that  hatch. — Observations  covering  many  thou- 
sands of  ^gs,  both  in  the  cage  experiments  and  in  the  grove,  have 
demonstrated  that  the  number  of  eggs  that  fail  to  hatch  is  too  insig- 
nificant and  has  too  little  practical  bearing  to  warrant  the  collection 
of  data  on  this  point.  It  is  safe  to  say  that  considerably  less  than  1 
per  cent  do  not  hatch.  In  f act,  it  seems  evident  that  no  egg  would 
fail  to  hatch  except  owing  to  Uie  dropping  of  the  leaf  or  unless  sub- 
jected to  attack  from  without.  In  many  instances  failure  to  hatch 
can  be  directly  traced  to  attack  by  several  species  of  insects  and  a 
fungous  parasite. 

Effect  of  drying  of  leaves  on  hatching, — In  10  instances  leaves  bearing 
many  thousand  eggs  were  so  placed  that  the  eggs  were  exposed  to 
direct  sunlight  or  to  partial  shade,  and  although  frequent  o()6erva- 
tions  were  made  none  of  the  eggs  were  known  to  hatch.  In  general 
the  drjing  of  leaves  to  which  eggs  are  attached  prevents  hatching  of 
all  except  those  eggs  containing  nearly  mature  embryos.  This  fea- 
ture is  probably  conunon  to  all  aleyrodids,  since  the  senior  author 
has  noted  a  similar  occurrence  in  the  case  of  the  greenhouse  white  fly 
(A.  vaporariorum). 

Thb  Labval  and  Pufal  Stagbb. 

DBSCRIPnON  or  8TAOB8. 
THB  ULBYA. 

The  larvflB  *  are  thin,  translucent,  elliptical,  scalelike  objects,  found 
usually  on  the  underside  of  the  leaves,  though  more  rarely  upon  the 
upper  surface.  When  normally  attached  to  the  leaf  they  are  so 
nearly  transparent  as  to  be  seen  with  difficulty.  They  readily 
become  visible,  however,  by  either  bending  or  rubbing  the  fingers 
along  the  opposite  side  of  the  leaf,  thus  loosening  them  and  allowing 
the  air  to  get  beneath  them.  They  then  appear  whitish  (PI.  X,  fig.  2). 
So  very  inconspicuous  are  the  live  larvae  and  their  attack  so  unac- 
companied by  any  visible  effects  on  the  leaves,  aside  from  the  black- 
ening of  the  foliage,  that  their  presence  is  very  frequently  overlooked 
by  the  casual  observer.     A  detailed  description  follows: 

First  instar  larva  (figs.  4-6).  Length,  0.3  to  0.37  mm.;  width,  0.182  to  0.22  mm. 
Body  flat,  scalelike,  somewhat  swollen  ventrally,  especially  in  the  cephalothoracic 
region;  margin  entire,  with  30  small  tubercles,  each  bearing  a  hc»izontally  directed 
spine  of  which  6  cephalic  and  4  anal  are  proportionately  longer.  Spines  of  second 
pair,  counting  from  anterior  end  of  body,  arising  from  tubercles  not  on,  but  slightly 
posterior  to,  margin  on  ventral  surbce.  Relative  l^igths  of  the  15  pairs  of  spines  as 
loUows: 

Pair   1     _2^3j|^      6       6      7    10    11    12    13     14      15 
Spaces  11'  9.8'   TT  6.5'  67  5.5'  6'    4'    4'    4'  18'  5.4'  18.6 

^The  larvsB  and  pup»  are  frequently  called  by  many  growers  the  ''egg"  of  the 
white  fiy.  This  misapplication  of  terms  should  be  discouraged  as  it  leads  to  unde- 
sirable confusion  when  referring  to  the  various  stages  through  which  the  white  fly 
passes  during  its  growth  from  egg  to  adult. 
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No  mMginal  wax  fringe  appears  before  or  after  crawling  young  settles.  Oephalo- 
thoiacic  and  thoracic  articulations  inviable;  8  or  possibly  9  abdominal  segments  are 
seen  with  little  difficulty.  Segments  at  posterior  end  of  body  modified  by  vasiform 
ofifice.  Latter  nearly  semicircular  in  outline,  somewhat 
longer  than  wide,  bordered  laterally  by  chitinous  thicken- 
ings which  do  not  meet  iX)steriorly;  operculum  semicircu- 
lar, nearly  equaling  in  size  the  vasiform  orifice  itself,  cover- 
ing the  ligula  and  bearing  on  its  median  posterior  margin 
what  appear  to  be  two  pairs  of  small  spines,  the  penulti- 
mate pair  of  which  is  about  twice  as  l<mg  as  the  ultimate. 
Ligula  darker  in  color  and  broadly 
crescentic  in  shape.  On  either  side 
of,  and  sli^tly  anterior  to,  the  vasi- 
form orifice  is  a  short  backwardly 
directed  spine  arising  irom  a  small 
tubercle.  The  two  pairs  of  rounded, 
simple,  reddish-brown  eyes,  less 
than  0.01  nun.  in  diameter  and  0.096 
mm.  apart — a  dorsal  pair  and  a  ven- 
tral pail^--are  situated  mesad  and 
slightly  anterior  to  the  fifth  pair  of 
marginal  spines,  the  dorsal  pair  be- 
ing nearer  the  margin  and  sli^tly 
anterior  to  the  ventral  pair. 

Antennje,  legs,  and  mouth-parts  on  the  venter.  Antemus 
anterior  and  mesad  to  the  anterior  pair  of  legs,  0.1  mm.  long, 
very  slender;  apparently  4-segmented,  articulations  between 
the  segments  aeexi  with  difficulty  and  frequently  that  be- 
twerai  the  third  and  fourth  entirely  wanting,  while  in  a  few 
specimens  the  second  segment  appears  to  be  divided  into 
two  parts:  Segment  1  short,  stout,  fleshy;  segment  2  one-hall 
as  wide  and  twice  as  long  as  segment  1;  segment  3  narrower  than  segment  2  and  about 
four  times  as  long;  segment  4  very  slender,  less  than  one-half  as  long  as  segment  3,  and 
bearing  on  its  proximal  posterior  side  a  minute  spine,  and  distally  a  Icmg  spine.  Legs 
short,  moderately  stout,  where  ex- 
tended about  one-third  the  width 


Fra.  4.~The  ettras  white  fly: 
CnwUn^  joang;  flnt  In- 
star,  dorsal  view.  Onatly 
enlarged.    (OrlginaL) 


Tm.  a.— TlM  dtrut  wblto 
fly:  CiawliDgyounc;  flrtt 
instar,  Teotral  vtew. 
Greatly  enterftd.  (Or%- 
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of  the  body;  cox»  very  short  and 
stout,  the  two  posterior  pairs  on 
the  iX)sterior  inner  side  with  a 
moderately  stout  spine  about 
equal  in  length  to  the  diameter  of 
the  cox»  and  directed  backward 
and  inward;  trochanters  distin- 
guished with  difficulty,  about 
one-third  as  l<mg  as  wide  and 
collar-shaped;  femora  more  elon- 
gate, sli^tly  tapering  distally, 
about  four  times  as  long  as  tro- 
chanters; tibise  much  narrower, 
somewhat  longer  than  the  femora, 
with  numerous  short  bristles,  two  on  the  outer  proximal  portion  longer  and  more  easily 
seen,  on  the  outer  distal  portion  with  a  long  bristle  forwardly  directed  and  curving 
inward  toward  the  tip  of  the  tarsi;  tarsi  short,  ending  distally  in  an  enlaiged  disk- 
like process. 


Fio.  6.— The  dtna  white  fly:  Ant«on»  and  left  hind  leg* 
flnt  takstar.   Highly  magnified.    (Origfaial.) 
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Fio.  7.— The  citnw  white 
fly:  Second  lanral  inttar, 
ventral  view.  Greatly  en- 
larged.   (Original.) 


Midway  between  the  anterior  pain  of  legs  in  the  middle  of  the  body  is  the  fleshy 
mouth  papilla  from  which  arise  the  mouth  setsB,  at  first  when  bent  backward  readimg 
only  to  slightly  beyond  the  posterior  cox»,  but  later  becoming  more  elongate.  Ante- 
rior to  the  mouth  papilla  is  the  semiovate  prostomal  plate,  extending  anteriorly  ae 
far  as  a  line  connecting  the  antenne,  and  divided  longitudinally  by  two  curved 
sutures  into  one  elongate  median  and  two  shorter  lateral  pieces.  At  the  anterior  end 
of  the  prostomal  plate  is  a  pair  of  small  papillse,  each  papilla 
bearing  a  small  forwardly  directed  spine. 

On  the  venter  beneath  and  to  the  side  of  the  vasiform 
orifice  is  a  pair  of  spines  arising  from  small  tubercles, 
normally  directed  backward  and  outward,  equal  in  length 
to  the  distal  tibial  spine. 

Second  imtar  larva  (fig.  7).— Length,  0.37  to  0.43  mm.; 
width,  0.24  to  0.29  mm.  Broadly  ovate,  dorsum  densely 
rugose,  all  marginal  tubercles  and  spines  wanting  except  2 
cephalic  and  4  anal,   the  three  pairs,  counting  from  the 

12       3 
cephalic  region, giving  the  relative  lengths:  g-^,  r-^,  tqI- 

Eyes  smaller  and  less  regular  in  outline  than  in  the  first 
instar,  but  distinctly  evident.  Antennae  greatly  reduced, 
unsegmented,  directed  backward  and  slightly  outward, 
tapering,  reaching  nearly  to  base  of  first  pair  of  legs;  on 
inside  near  base  with  a  distinct  spinelike  projection,  and  on 
basal  portion  with  nimierous  roughenings;  legs  almost  rudimentary,  reduced  to  shorti 
stout,  fleshy  processes  without  distinct  segments,  composed  of  a  very  stout,  tapenng 
basal  portion,  and  a  comparatively  small,  rounded,  thick  terminal  disc;  the  second 
and  third  pairs  of  legs  on  the  inner  side  at  the  base  with  a  minute  spine.  Mouth 
parts  as  in  previous  stage;  prostomal  plate  antmcn-ly  indis- 
tinct and  its  pair  of  spines  wanting.  Spines  on  either  side 
of  vasiform  orifice,  both  on  dorsum  and  venter,  as  in  first 
instar.  A  marginal  pore,  on  either  side  of  body  opposite 
base  of  first  pair  of  legs,  and  formed  by  an  upward  fold  of  the 
integument,  becomes  very  evident  in  this  instar. 

Third  instar  larva  (fig.  8).— Length,  0.62  to 0.78  mm.;  width, 
0.43  to  0.58  mm.  Very  similar  to  second  instar  but  larger; 
the  most  striking  difference  presented  by  the  antennse,  which 
have  migrated  backward  so  as  to  arise  from  a  tubercle 
slightly  anterior  to  base  of  first  pair  of  legs.  Antennee  im- 
movable, directed  mesad  for  about  two-thirds  of  their  length, 
and  then  suddenly  doubled  backward  so  that  the  distal  third 
lies  in  the  same  plane  as  the  basal  portion.  Legs  smaller  in 
proportion  than  in  second  instar  and  prostomal  plate  lees  de- 
veloped, but  the  marginal  pores  and  anal  cleft  more  fully  developed, 
rod  is  seen  often  protruding  from  the  marginal  pores. 

ginal  spines:  ^,   ^,   ^. 


Fio.8.— The<itniswWte 
fly:  Third  larval  Instar, 
ventral  view.  Greatly 
enlarged.  (Original.) 

A  waxen 
Relative  lengths  of  the  mar- 


The  introductory  remarks  regarding  the  general  appearance  of  the 
larva  apply  with  equal  force  to  the  young  pupa  (fig.  9,  a,  6,  and  c), 
with  the  exception  that  the  pupa  is  lai^er,  being  nearly  oneHsixteenA 
of  an  inch  long,  is  more  easily  seen,  and  on  either  side  of  the  thoracic 
region  3  distinct  curved  lines  representing  the  outlines  of  the  1^ 
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axe  very  distinct.  As  the  pupa  becomes  older  it  becomes  thicker, 
more  roimded  and  opaque,  and  the  outlines  of  the  legs  are  obscured 
by  the  contents  of  the  body.  At  the  approach  of  maturity  a  bright 
red  or  orange  spot  develops  on  the  back,  and  from  three  to  eight  days 
before  emergence  the  eyes  of  the  adult  become  visible.  A  detailed 
description  is  as  follows: 

Length,  1.10  mm  to  1.40  mm;  width,  0.60  mm  to  1.0  mm.  Body  broadly  elliptical, 
thin,  not  raised  from  leaf  on  vertical  wax  fringe,  color  pale  yellowish-green,  becoming 
more  yellowish  and  thicker  on  approaching  maturity;  thoracic  lobes,  representing  out- 
lines of  the  three  pairs  of  legs,  and  a  line  extending  from  between  first  two  pairs  of 
legs  and  from  the  vasiform  orifice  to  edge  of  body  distinctly  more  yellowish,  as  are  also 
the  lines  representing  the  union  of  the  body  segments  although  these  last  are  promi- 
nent. As  body  thickens  thoracic  lobes  become  less  distinct  due  to  body  contents,  a 
bright  orange  or  red  medio-dorsal  spot  develops 
at  anterior  end  of  abdomen,  and  later,  a  few 
days  before  emergence,  the  purple  eyes  of  adult 
become  very  distinct,  as  also  do  the  white 'devel- 
oping wing  pads;  rim  of  vasiform  orifice  brown  or 
yellowish.  All  marginal  bristles  lost  except  one 
anterior  and  one  posterior  pair  of  minute  bris- 
tles. A  low  medio-dorsal  ridge  or  carina  and 
corresponding  depressions  on  each  side  extend 
from  the  head  to  the  anal  ring,  traversed  by  short 
transverse  ridges  on  the  thorax  and  abdomen, 
terminating  in  a  low  subdorsal  ridge  hardly  per- 
ceptible; from  these  last  numerous  very  fine 
granulated  striae  radiate  all  arotmd  the  body  to 
the  lateral  margin.  A  short  transverse  ridge 
appears  near  posterior  margin  of  head  with  a 
curved  impressed  line  in  front.  A  minute  brown 
tubercle  at  the  anterior  end  of  the  subdorsal 
carina  is  sometimes  to  be  seen.  From  a  pore  at  the  edge  of  the  body,  between  head 
and  thorax  and  top  of  anal  slit,  issues  a  very  fine,  glistening-white,  curled  thread 
of  waxen  secretion.  These  so-called  "pores"  in  margin  of  the  cephalo-thoracic 
region  are  formed  by  a  slight  upfolding  of  the  body  which  extends  from  margin  to 
cephalo-thoracic  spiracle  and  forms  an  outlet  for  secretions  from  same.  Location  of 
spiracles*  and  respiratory  system  as  already  described  for  aleyrodids.  Legs  and 
antennae  easily  seen  with  high-power  lens.  Antennae  located  as  shown  in  Gg.  9, 
partially  concealing  front  pair  of  legs,  apparently  3-6egmented  but  division  into  seg- 
ments not  distinct;  last  segment  as  long  as  other  two  combined,  with  quite  a  number 
of  irr^ular  annulations;  tip  provided  with  a  stout  spine.  L^gs  short,  very  stout, 
especially  the  two  posterior  pairs;  front  legs  projected  forward;  all  without  distinct 
segmentation;  tarsus  very  short,  stout,  and  rounded.  Vasiform  orifice  nearly  semi- 
circular (for  details  and  shape  see  fig.  9,  6). 

Pupa  case. — ^White,  firm,  retaining  definite  shape,  and  remains  firmly  attached  to 
leaf  unless  forcibly  detached.    (See  PI.  VIII,  fig.  1.) 


Fio.  9.— The  citrus  white  fly:  a,  ventral 
aspect  of  pupa;  b,  yasiform  orifice  of 
same;  c,  margin  of  body  of  same,  a, 
Greatly  enlarged;  b,  c,  highly  magnified. 
(Original.) 
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DURATION   OP  8TAOB8 
IJJIVAL  nSTABS. 


Data  upon  the  duration  of  the  larval  instars  nave  been  secured  by 
daily  observations  of  over  300  specimens  marked  as  soon  as  the 
young  larv»  had  settled,  supplemented  b\  frequent  counts  of  several 
thousand  specimens  in  various  life-histor}  lages. 

From  these  records  those  included  in  Table  IX  have  been  chosen 
as  representative.  A  study  of  these  will  give  a  very  accurate  knowl- 
edge of  tiuA  subject,  and  will  impress  upon  one  the  considerable 
variation  in  the  duration  of  the  several  instars  of  larvae  hatching 
at  the  same  time,  feeding  upon*  the  same  '  T  and  consequently  sub- 
ject to  the  same  weather  conditions.  The  data  also  emphasize  the 
retarding  effect  of  cool  spring  and  fall  weather  upon  the  length  of 
larval  Hfe,  although  this  has  not  been  found  to  be  as  great  as  many 
have  thought.  The  period  of  larval  growth  ranges  from  an  average 
of  23  days  during  the  warmest  months  to  an  average  of  30  days 
during  the  cooler  months. 

Table  IX. — Duration  of  larval  tnttart  of  the  cUrtu  while  fiy. 


Sped- 
meo 
No. 

Period  of  growth. 

Number  of 
days  in— 

Sum  of 
effeo- 
tive 
tem- 

nses. 

Bpecl- 
men 
No. 

Number  of 
days  in— 

Som  of 

eOeo- 

ttve 

tern- 

In- 
star 

In- 
star 
2. 

In- 
star 
3. 

In- 

stw 

1. 

In- 
star 
2. 

In- 

stv 

3. 

1 
2 
3 
4 
5 
6 
7. 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Mftr.22-Apr.26... 
do 

10 

12 

1,044 

33 
34 
35 
36 
37 
38 
80 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
67 
58 
59 
60 

Aver- 
age.. 

1 

Oct.3-Oct.27.... 
Oct.8-Oct.30.... 
Oct.8-Nov.ll.... 
Oct.8-Oct29.... 

Oct.3-Dec4 

Oct.8-Nov.4..... 

Oct.8-Nov.l 

Oct.8-Nov.2..... 
Oct3-Nov.8..... 
do 

7 
5 
7 
7 
31 
12 
8 
8 
9 
11 
8 
7 
8 
10 
7 
7 
7 
7 
5 
5 
8 
9 
8 
9 
8 
10 
11 
6 

15 
14 

10 
17 

12 
14 
17 
11 
17 
U 
U 
15 
15 
U 
13 
17 

22 

19 
14 
U 
11 
U 
IS 
14 

14 

11 

IS 

736 
8U 

1,102 
792 

1,644 
«22 
84S 
868 
8M 
8M 
SO 

1,MD 

S 

l.Ott 
l,Qtt 

s 

*'*767" 

do 

..........  ..| 

do 

do 

do 

do 

June2fr-Jalyl8... 
Juiie2&-Jalyl9... 
Juiie26^ulyl6... 
Jane2fr-Jalyl8... 
June  26- July  20... 
June26-Julyl8... 
June26-July29... 
June  26- July  18... 
June  26- July  21... 
June  2&- July  18... 
June2&-Julyl6... 
June26-Jnlyl8... 
June27-Julyl9... 
June  27- July  20... 
do 

7 
5 
6 
6 
4 
5 
5 
6 
5 
5 
5 
5 
6 
5 
8 

% 

9 
5 
4 

4 
10 
6 
7 
9 

7 
10 
7 
9 
12 
9 
20 
9 
12 
9 
8 
9 
10 
10 
8 
7 
11 
14 
9 
19 
12 
30 
12 
10 
7 

898 
938 
813 
898 
978 
896 

1,366 
898 

1,016 
898 
813 
896 
902 
942 
942 
7T7 
938 

1,220 
821 

1,141 
866 

1,366 
780 
727 
635 

Oct3-Nov.l 

Oct.8-Nov.10.... 
Oct.8-Oct31.... 
Oct.3-Nov.4..... 
Oct.3-Nov.8..... 
do 

Oct.8-Nov.2..... 

Oct.^Nov.l 

Oct.6-Nov.7 

Oct.5-Oct.81.,.. 
Oct.5-Nov.8..... 

Oct5-Nov.6 

Oct.^Nov.  1 

Oct.^Nov.8..... 

Oct.5-Nov.« 

Oct.5-Nov.l 

Oct5-Nov.l9.... 
Oct.5-Oct.31.... 

rJune26-Aug.l8... 
\8ept28-Dec  4... 

June27-Julyl6... 
June28-July21... 
June28-July28... 
June2&-Julyl8... 
June29-July27... 
July  2&- Aug.  18... 
Sept.28-Nov.l4.. 
Sept.30-Oct.25... 
8ept.3a-Oct.23... 
Oct.l-Oct.21 

7.2 
17.8 

5.4 
18.3 

10.5 
14.3 

945.7 
903.4 

1  Does  not  indude  No.  37. 


>  Does  not  include  No.  59. 
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Plate  VIII. 


^  <? 


Pupa  Cases  of  the  Citrus  and  the  Cloudy-Winqed  White  Flies. 

FIjf.  1. — Leaf  showiniir  pupa  cases  of  Alei/rfHies  citri;  also  a  few  pupae  aud  eggs.  Fig.  2. — Under 
Hurface  of  orange  leaf,  showing  heavy  infestation  by  citrus  while  fly.  Fig.  3.— Leaf  showing 
pupacasesof /L  ntibijera.    Note  delicate  structure  as  compared  with  those  of  ^.c//r/.  (Original.) 
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PUFAL  8TAGK. 


One  of  the  most  interesting  phases  of  life-history  studies  has  been 
the  wide  range  in  the  duration  of  the  pupal  stage ;  a  range  of  from  13  to 
304  days.  Considering  the  relatively  slight  variation  in  the  length  of 
the  larval  life,  this  range  among  specimens  passing  into  the  pupal 
stage  at  practically  the  same  time  is  remarkable.  In  view  of  the  fact 
that  the  effect  of  this  variation  upon  the  duration  of  life  and  nimiber 
of  annual  generations  will  be  fully  discussed  under  those  headings  and 
brought  out  in  Tables  XV  and  XVII  and  figure  12,  only  a  few  of  the 
large  nimiber  of  records  on  file  are  given  in  Table  X  to  illustrate  this 
range  in  pupal  life  during  different  parts  of  the  year. 

Tablb  X. — Duration  of  pupal  stage  of  the  citrus  white  fly. 


Sped- 
men 
No. 

Period  of  growth. 

Num- 
ber of 
days. 

Sum  of 
effective 
temperar 

tuxes. 

Sped- 
men 
No. 

Period  of  growth. 

Num- 
ber of 
days. 

SumoT 
effective 
tempera- 
tures. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Apr.30-Mayl3 

Apr.30-Juiie20 

Apr.  30- Aug.  3 

MaylS-JuneS 

Mayl8-July31 

Mayl»-Mar.l8 

July  16-July  30 

July  15- Aug.  4 

Aug.  15-Aug.  27 

Aug.l&-Aug.28.... 

13 
51 
64 
18 
74 
304 
15 
20 
12 
13 

410 
1,833 
2,564 

664 
2,866 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Aug.l5-Sept.6.... 
Aug.  Ift-llar.  18.... 
Aug.  16-Mar.20.... 
Aug.  17-Mar.  25.... 
Aug.  18-Sept.  10... 
Aug.l8-Apr.l.... 
Sept.  30-Mar.  31... 
Oct.  28- Apr.  19.... 
Nov.  1-Apr.  17. . . . 
Nov.8-Mar.26.... 

22 
214 
216 
220 

23 
226 
182 
173 
167 
137 

885 

5,414 
5,479 
5,574 
931 
6,752 
4,473 
4,167 
4,0G0 
3,256 

602 
808 
479 
521 

It  will  be  noticed  that  pupae  pass  either  a  comparatively  few  or  a 
comparatively  large  number  of  days  in  this  stage  and  that  ordinary 
temperatures  and  humidity  do  not  have  the  nower  to  determine  which 
it  shall  be. 


LOCOMOTION. 


On  hatching  from  the  egg  the  yoimg  larva  is  provided  with  well- 
developed  legs,  as  shown  in  figure  5,  by  the  aid  of  which  it  crawls 
about  the  leaf  for  several  hours  and  then  settles  and  begins  to  feed. 
Because  of  the  aimless  way  in  which  it  crawls,  frequently  doubling 
on  its  own  course  and  turning  aside  for  the  least  obstacle,  it  travels 
over  a  very  limited  area.  It  is  therefore  improbable  that  the  crawling 
larvae  ever  leave  the  leaf  upon  which  they  were  hatched,  unless  carried 
on  the  feet  of  birds  or  insects  or  blown  or  dropped  from  one  leaf  to 
another.  After  settling,  the  larva  does  not  change  its  position  on  the 
leaf,  while  with  the  first  molt  its  legs  become  vestigial  (see  fig.  7)  and 
unfit  for  locomotion.  Larvae  frequently  move  slightly,  especially 
directly  after  or  during  molting  when  they  merely  describe  an  arc 
of  180®,  using  their  mouth  parts  as  a  pivot.  The  larva  passes  into  the 
pupal  stage  without  materially  changing  its  position  on  the  leaf.  The 
only  time,  then,  during  the  life  cycle  when  the  white  fly  is  capable 
of  moving  about  from  place  to  place  is  during  the  winged  adult  stage 
and  the  crawling  larval  stage. 
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OBOWTH. 

Pronounced  and  striking  growth  in  size  occurs  only  at  molting, 
when  the  soft  flexible  skin  of  the  larva  or  pupa  is  able  to  stretch  before 
assuming  its  normal  rigid  condition.  With  each  successive  molt  the 
larva  greatly  increases  its  horizontal  dimensionsi  until  by  the  time  it 
reaches  the  pupal  stage  these  are  about  eighteen  times  as  great  as  in  the 
newly  hatched  larva.  When  first  settled  after  molting  the  larva  is  very 
thin,  papery,  and  transparent,  being  seen  with  difficulty  except  with 
the  aid  of  a  lens,  but  after  feeding  several  days  it  slowly  becomes 
thickened  until,  from  two  to  five  days,  sometimes  longer,  before  molt- 
ing into  the  next  instar,  it  is  decidedly  pliunp  and  whitish  opaque  in 
color.  Oftentimes  before  molting  the  larva  becomes  very  much 
swollen  as  though  gorged  with  liquid.  This  appears  to  be  an  abnor- 
mal condition,  since  many  that  become  thus  unduly  enlarged  either 
fall  or  die  without  molting.  During  the  increase  in  thickness  follow- 
ing feeding,  there  is  no  increase  in  the  horizontal  dimensions.  On 
the  contrary,  increase  in  the  former  is  secured  at  a  slight  expense  of 
the  latter. 

MOLTS. 

Daily  observations  on  over  300  marked  individuals  from  time  of 
settling  to  emergence  of  adult  have  conclusively  demonstrated  that  the 
larva  passes  through  but  three  instars  *  before  reaching  the  pupal 
stage,  instead  of  four  as  has  been  previously  supposed.  Each  larva, 
then,  molts  or  casts  its  skin  three  times  before  becoming  a  pupa.  The 
process  of  molting  was  first  described  by  Riley  and  Howard  '  and  as 
observed  by  the  authors  is  as  follows: 

In  preparing  for  a  molt  the  insect  curves  the  abdomen  upwards  at  considerably 
more  than  a  right  angle,  moving  it  also  occasionally  up  and  down.  The  m^igin  of 
the  abdomen  has  at  the  same  time  a  slightly  undulating  motion.  During  these  move- 
ments the  insect  is  shrinking  away  from  the  lateral  margin  until  it  eventually  occupies 
only  about  one-third  of  the  original  lateral  space,  causing  a  distinct  dorsal  and  ventral 
median  ridge.  The  skin  then  splits,  not  on  the  dorsum,  as  would  be  expected,  but 
either  at  the  anterior  end  or  underneath  the  head.  The  head  and  prothorax  are  then 
pushed  out  and  the  skin  is  gradually  worked  backwards  by  means  of  the  abdominal 
motions,  the  portion  already  out  swelling  as  soon  as  it  is  free. 

As  the  insect  flattens  after  molting  it  appears  milky  white,  the  head, 
thoracic  lobes,  and  abdominal  segments  being  more  greenish.  At 
this  time  the  legs,  which  resemble  much  the  prolegs  of  a  caterpillar, 
are  very  active,  and  there  appears  a  pair  of  fleshy  protuberances  more 
or  less  movable,  not  as  large  as  the  legs,  but  apparently  of  the  same 

1  This  agrees  with  the  senior  author's  observations  on  the  greenhouse  white  fly 
(A.  vaporariorum)  and  the  strawberry  white  fly  (A.  packardi)^  which  are  the  two  species 
of  the  genus  which  have  previously  been  studied  in  greatest  detail.  Tech.  Bui.  1* 
Mass.  Exp.  Sta.  and  Can.  Ent.,  vol.  35,  pp.  25-35. 

*  Insect  Life,  vol.  5,  p.  223,  1893. 
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structure,  whidh  act  as  sucking  disks  to  aid  the  insect  in  reattaching 
itself.  These  protuberances  are  later  withdrawn  so  that  no  trace  of 
them  remains.  While  becoming  attached  to  the  leaf  the  insect  may 
be  seen  occasionally  to  rotate  itself  through  an  arc  of  270®,  in  the  mean- 
while frequently  raising  and  lowering  the  abdomen.  The  cast  skins 
are  usually  blown  away  by  the  breeze  or  fall  from  the  leaf  as  soon  as 
molted,  but  not  infrequently  are  found  partially  pinioned  beneath 
the  body  of  the  insects.  Molting  occurs  most  actively  during  hoinrs 
of  high  humidity.  Newly  molted  larvsB  are  abimdant  during  the  early 
morning  when  the  humidity  ranges  between  100**  and  90®. 

FEEDING  HABITS  OF  LARViB  AND  PUPjB. 

As  the  white  flies,  or  AleyrodidsB,  belong  to  the  Hemiptera,  or 
sucking  insects,  the  larvae  and  pupae  do  not  eat  the  tissue  of  the  leaf, 
but  insert  their  thread-like  mouthparts  and  suck  the  plant  juices  by 
the  aid  of  a  suction  apparatus  located  in  the  head.  Their  ravages  are 
not  accompanied  by  any  visible  effect  upon  the  leaf  itself,*  but  may 
be  detected  by  means  of  the  sooty  mold  which  develops  after  the  fly 
becomes  very  abundant.  Our  only  means  of  estimating  the  amoimt 
of  sap  taken  up  by  the  insect  is  by  the  amount  of  waste  material,  or 
honeydew,  ejected  by  it.  A  first-instar  larva,  on  being  watched  under 
the  compoimd  miscroscope  for  20  consecutive  minutes  with  the  tem- 
perature at  90°  F.,  was  seen  to  eject  honeydew  48  times,  or  an  average 
of  about  10  times  every  6  minutes.  A  pupa  with  well-developed  eye- 
spots,  in  March,  with  the  temperature  at  85°  F.,  ejected  honeydew 
4  times  in  5  minutes.  This  difference  in  the  amount  of  honeydew 
secreted  is  due  in  part  to  the  different  temperatures  at  which  the 
observations  were  made  as  well  as  to  the  difference  in  the  degree  of 
development. 

A  very  interesting  observation  on  the  amoimt  of  sap  extracted  by 
larv»  and  pupae  of  the  white  fly  has  been  made  by  Dr.  Berger^ 
Leaves  with  live  larvae  .and  pupae  were  placed  between  glass  plates  so 
that  the  ejected  honeydew  was  collected  on  the  glass.  Bf  weighing 
it  was  foimd  that  each  Hve  insect  had  excreted  about  0.0005  gram  in 
48  hours.  At  this  rate  a  tree  infested  with  1,000,000  white-fly  larvae 
and  pupae  would  lose  one-half  pound  of  sap  per  day. 

The  Adult. 

The  adult  citrus  white  fly  is  very  small,  measuring  only  about  one- 
sixteenth  of  an  inch  in  length,  and  with  a  wing  expanse  of  less  than 
one-eighth  of  an  inch.  The  natural  color  of  the  body,  antennae,  legs, 
and  wings  is  entirely  obscured  by  secretions  of  delicate  white  wax  par- 
ticles, so  that  the  insect  appears  snowy  white  (PI.  IX;  text  fig.  10,  Or^) 

'  Bulletin  97,  Florida  Agricultural  Experiment  Station,  pp.  63-64,  1909. 
59131*»— Bull.  92—12 5 
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without  spots  or  traces  of  darker  shades  upon  the  wings.  Only  the 
purple  eyes  are  free  from  the  white  wax,  and  are  in  sharp  contrast  to 
the  color  of  the  rest  of  the  bodj^  A  detailed  description  of  the  adult, 
by  Riley  and  Howard,  follows: 

DB80SIFTION.* 

9 . — ^Length,  1.4  mm. ;  expanse,  2.8  mm. ;  four-jointed  rostrum  about  as  stout  as  legs; 
joint  1  shortest,  joint  2  longest,  and  about  as  long  as  3  and  4  together;  joint  3  some- 
what longer  than  joint  1  and  a  little  shorter  than  4.  Joint  1  of  the  7-jointed  antennse  very 
short,  as  broad  as  long,  subcylindrical,  slightly  wider  distaUy ;  joint  2  twice  aa  long  as  1, 
strongly  clavate,  and  at  tip  somewhat  broader  than  1,  bearing  3  or  4  short  hairs  arising 
from  small  tubercles ;  joint  3  longest,  about  twice  as  long  as  2,  slenderer  than  this  and  with 
a  very  narrow  insertion,  rather  abruptly  stouter  at  apical  third,  corrugated  and  ter- 
minating above  in  a  small  callosity  resembling  a  similar  organ  in  Phylloxera;  joints  4 


Fio.  10.— The  dtnu  white  fly.  Adult,  a,  Male;  6,  daspen  of  male;  e.  female;  i,  oTlpoeitor  of  female; 
e,  side  view  of  head  of  female;  /,  antenna;  ^,  enlarged  margin  of  wing:  h,  tarsus  and  daws;  i,  tibia. 
a,  e.  Greatly  enlarged;  b,  dM,  more  enlarged.   (Adapted  from  RUey  and  Howard.) 

and  5  subequal  in  length,  each  nearly  as  long  as  2,  joint  5  bearing  a  short  spine  ante- 
riorly near  apex;  joints  6  and  7  subequal  in  length,  each  somewhat  longer  than  2, 7  with 
a  stout  spine  at  tip;  joints  4  and  7  somewhat  corrugate  or  annulate  but  less  bo  than 
apical  third  of  3.  The  2-jointed  tarsi  about  half  the  length  of  the  tibia,  joint  1  of  the 
hind  tarsus  bearing  6  rather  stout  spines  on  each  side;  joint  2  supporting  at  base  8 
rather  prominent  claws,  the  middle  one  longest.  Ovipositor  short,  acute,  and  retrac- 
tile. Eyes  divided  into  two  by  a  curved  pointed  projection  from  middle  of  cheek, 
the  upper  portion  being  smaller  than  the  lower  portion.  Wings  clear,  colorless;  costa 
delicately  serrate.  General  color,  light  orange  yellow,  tip  of  rostrum  black,  tarai  and 
part  of  tibia  orange. 

^. — ^The  male  resembles  the  female  in  all  important  respects  except  in  being 
smaller.    Claspers  about  as  long  as  preceding  abdominal  joint,  or  one-fifth  the  length 

>  Riley  and  Howard,  Insect  Life,  vol.  5,  p.  222, 1893. 
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Plate  IX. 


Adults  of  the  Citrus  White  Fly  on  Foliage  of  Orange. 
Fig.  1.— Tender  growth  swarming:  with  adults.    Fig.  2.— Leaf  of  same  enlarged.    (Original.) 
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ot  the  abdomen,  curved  gently  upward  and  inward,  each  bearing  4  or  5  equidistant 
minute  cylindrical  pUiferous  tubercles  on  upper  and  outer  edge;  style  alniost  as  long 
as  claspers,  rather  stouter  at  base,  more  slender  toward  tip,  terminating  in  a  stout  spine 
at  upper  end.  Head  and  abdomen  with  heavy  tufts  of  wax  soon  after  issuing  from 
pupa. 

Examination  of  a  large  number  of  antennae  shows  that  the  relative 
length  of  the  antennal  segments  is  subject  to  slight  variations.  The 
average  relative  lengths  are  about  as  follows: 

Segment    JL  _1    A   jL  ^   -5-    T_  Spine. 
spaces  1      10,  24,  43,   16,   16,   18,  22,       3 

Although  they  have  examined  thousands  of  males  both  at  and  for 
some  time  after  emergence  and  as  they  occur  at  all  times  throughout 
the  grove,  the  authors  have  never  been  able  to  observe  males  with  the 
tufts  of  wax  on  head  and  abdomen  mentioned  in  the  above  descrip- 
tion -and  illustrated  in  connection  with  its  original  publication. 

EMERGENCE. 
DI8CBIPTION  or  THB  PB0CB8S. 

The  emergence  of  the  adult  occurs  soon  after  its  purple  eyes  and 
folded  whitish  wings  can  be^seen  distinctly  through  the  pupal  skin. 
About  20  minutes  before  the  pupal  skin  is  ruptured  the  body  of  the 
adult  shrinks  gradually  away  from  it  and  assumes  its  natural  shape. 
This  gradual  shrinking  away  from  the  edges  of  the  pupa,  and  the 
accompanying  thickening  of  the  body,  brings  a  pressure  to  bear  on 
the  pupal  skin  which  causes  it  to  spUt  from  margin  to  margin  between 
the  thorax  and  abdomen  and  along  the  median  line  from  this 
rupture  to  the  anterior  margin.  Through  the  T-shaped  opening 
thus  formed  the  insect  first  pushes  its  thorax,  then  its  head,  with 
little  apparent  exertion.  The  body  now  projects  almost  perpendicu- 
larly from  the  pupa  case,  as  the  pupal  skin  is  called,  with  the  an- 
tennae, legs,  and  abdomen  still  in  their  pupal  envelopes.  By  a  series 
of  backward  and  forward  movements  the  antennae  and  legs  are  freed 
from  their  membranes  and  are  in  constant  motion.  The  abdomen  is 
now  so  nearly  out  of  the  pupal  case  that  the  fly  is  practically  free, 
holding  on  only  by  means  of  the  end  of  the  abdomen.  With  a  sudden 
forward  bend  of  the  body  the  legs  are  brought  in  contact  with  the  leaf, 
and  with  their  aid  the  fly  frees  the  rest  of  its  abdomen  and  crawls 
away  rapidly. 

The  period  covered  between  the  time  the  insect  ruptures  the  pupal 
skin  and  the  time  it  becomes  entirely  free  from  the  case  and  is  crawl- 
ing is  from  7  to  10  minutes.  Not  infrequently  flies  die  during 
emergence. 

^  These  represent  the  spaces  read  on  eyepiece  micrometer  when  1-inch  eyepiece 
and  i-inch  objective  are  used,  and  the  miscroscope  tube  is  drawn  to  160. 
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CHAXOXS  ArntK  ■MSBOXMCB. 


Immediately  after  emergence  from  the  pupa  case  the  adult  differs 
from  the  more  mature  individuals  in  that  the  lemon-yellow  color  of 
the  body  is  not  obscured  by  the  white  waxy  secretion  that  subse- 
quently appears.  Also  the  wings^  which  appeared  as  crumpled 
whitisli  pads  when  the  thorax  was  first  protruded  from  the  pupa 
case,  have  had  time  only  to  partially  expand.  As  the  fly  crawb  away 
from  the  case  the  wings  are  held  perpendicularly  above  the  back,  but 
as  the  wings  gradually  unfold  and  assume  their  normal  shape  they 
are  lowered  to  their  natural  position.  It  requires  about  7  minutes 
for  the  wings  to  become  straightened  after  the  fly  leaves  the  case, 
and  from  about  14  to  17  minutes  from  the  time  they  first  begin  to 
expand.  When  fully  expanded,  the  wings  are  colorless  and  trans- 
parent, with  the  costa  pale  yellowish.  The  powdery  whiteness  so 
characteristic  of  the  flies  as  seen  in  the  grove  gradually  appears  as 
the  wax  glands  secrete  their  particles  of  wax.  In  about  one  and  three- 
fourths  hours  the  wings  and  body  have  become  perfectly  white. 


OONDinONS  AirXCTINO  IMKBOBNCE. 


Aside  from  that  inherent  influence  affecting  the  development  of  the 
citrus  white  fly  and  determining  whether  the  adult  shall  emerge 
during  the  first  or  second  general  emergence  period,  as  hereinafter 
described  under  ^^Seasonal  history,"  many  field  observations  made  at 
all  seasons  during  the  past  three  years,  supplemented  by  laboratory 
experiments,  have  emphasized  the  great  influence  which  temperature 
has  on  emergence.  While  a  normal  amount  of  humidity  is  necessary 
for  emergence  to  occur,  it  is  not  so  controlling  a  factor  as  temperature 
during  ordinary  Florida  weather,  as  will  be  shown  later.  Light  also 
seems  to  affect  emergence  under  certain  conditions. 

BTRCT  or  TBMPBKATVBI  ON  KMEKOBNCS. 

I 

Conclusions  drawn  from  field  not^s,  supplemented  by  laboratory 
experiments,  show  that  emergence  seldom  occurs  outside  the  range  of 
62®  F.  to  85°  F.,  with  •preference  to  temperatures  ranging  from  70° 
to  85®.  During  the  winter  months  of  December,  January,  and 
February,  when  the  average  monthly  mean  is  about  60®  F.,  no  emer- 
gence occurs  except  to  a  slight  degree  during  warm  spells  of  several 
days'  duration.  In  January,  1906,  when  the  average  monthly  mean 
temperature  was  59.6®,  or  practically  normal,  no  flies  were  noted  on 
wing  at  Orlando,  Fla.,  except  in  small  trees  beneath  pinery  sheds 
where  the  temperatures  averaged  several  degrees  higher  than  outside. 
During  late  December,  1908,  and  early  January,  1909,  the  tempera- 
ture had  been  sufficiently  high  to  cause  a  limited  amount  of  new 
growth  to  appear  on  some  trees  in  Orlando,  and  on  January  4  a  com- 
paratively large  number  of  adult  white  flies  were  seen  feeding  and 
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depositing  eggs  on  new  growth  in  a  very  sheltered  place.  The  average 
mean  temperature  of  the  6  days  preceding  this  observation  was  66*^ 
F.,  while,  for  the  6  days  preceding  these,  when  no  white  flies  were 
on  wing,  the  average  mean  was  about  58.5°  F.  Adult  white  flies 
were  not  seen  in  the  laboratory  grove  in  February,  1909,  until  about 
the  20th,  or  until  the  temperature  records  for  the  grove  showed  an 
average  daily  mean  of  about  64.5°.  It  is  from  the  above  facts  that 
the  lowest  temperature  at  which  emergence  occurs  has  been  deter- 
mined to  be  about  62°  F.  This  conclusion,  drawn  from  general  field 
observations,  is  strengthened  by  emergence  records  kept  in  con- 
nection with  cage  life-history  work  during  the  period  of  active  spring 
emergence  of  March,  1908,  when  the  monthly  mean  was  71°.  Refer- 
ence to  the  data  contained  in  Table  XI  brings  out  the  fact  that  while 

Table  XI. — Relation  of  temperature  to  emergence*o/  the  citrus  white  fly. 


Date. 

Range  In 
tempera- 
ture. 

Average 
mean  tem- 
perature. 

Emergence  records. 

No.l. 

No.  2. 

No.  3. 

No.  4. 

1906. 
Mar.  19 
Mar.  20 
Mar.  21 
Mar.  22 
Mar.  23 

•F. 
62-89 
63-90 
64-65 

eoso 

66-90 

•F. 
75.6 
76.5 
69.6 
70.0 
78.0 

4 
6 
0 
10 
17 

6 
78 

1 

69 
71 

2 

4 
1 
16 

4 

18 
0 
16 
36 

emergence  had  been  going  on  actively  two  days  before  and  after  March 
21,  when  the  average  mean  temperature  was  about  75**  F.,  a  drop  in 
the  mean  temperature  on  the  21st  to  59.5®  F.  practically  prevented 
any  white  flies  from  emerging.  The  1  white  fly  that  is  recorded 
under  Nos.  3  and  4  may  have  emerged  on  the  20th  after  the  daily 
record  had  been  taken.  Such  emergences  are  not  rare  at  this  season 
of  the  year,  as  will  be  shown  later.  Of  2  lots  of  about  100  pupae 
each,  from  which  adults  were  nearly  ready  to  emerge,  1  was  placed 
in  a  refrigerator  at  about  56°  F,  and  the  other  kept  at  room  tempera- 
ture which  ranged  between  70°  F.  and  80°  F.  while  emergence  was 
taking  place.  Of  those  kept  on  ice,  but  1  white  fly  emerged 
during  the  first  12  hours,  as  compared  with  17  from  pupsB  kept 
at  room  temperature.  White  flies  continued  to  emerge  on  3 
consecutive  days  from  pupsB  kept  at  the  latter  temperature.  No  more 
emerged  from  the  refrigerated  pupa).  It  is  therefore  evident  that 
emergence  may  occur  at  as  low  a  temperature  as  56°  F.,  though  very 
rarely. 

That  white  flies  seldom  emerge  after  the  temperature  reaches  85° 
F.  may  be  concluded  from  the  following  facts:  During  the  months  of 
July  and  August,  when  the  average  daily  mean  is  about  82°  F.,  a 
newly  emerged  adult  is  rarely  seen  in  the  grove  after  8  a.  m.     Prao- 
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tically  all  adults  at  this  season  emerge  between  4  and  7  a.  m.  Thisis 
true  both  in  the  laboratory  and  in  the  grove.  Of  233  white  flies 
emerging  separately  in  viaLs  in  the  laboratory  during  August,  1907, 
212  emerged  between  3.30  and  8  a.  m.,  and  the  remaining  21,  with 
one  exception,  emerged  between  8  and  9.30  a.  m.  In  the  grove  over 
95  per  cent  of  the  white  flies  emerge  before  7  a.  m.  At  this  time  of 
day  the  temperature  ranges  between  70^  F.  and  85^  F.  During  the 
early  spring,  when  the  daily  maximum  temperature  does  not  usually 
exceed  85^,  emergence  is  not  restricted  to  the  early  morning  as  during 
the  heat  of  summer,  but  occurs  at  all  times  of  the  day.  It  may  also 
be  added  that  like  conditions  exist  in  October  and  November,  but 
because  of  difference  in  seasonal  history,  they  affect  chiefly  the  spotted- 
wing  white  fly. 

xfiBCT  or  HimzDrrT  ok  bmsbobncb. 

Under  normal  Florida  conditions  at  Orlando,  at  any  season  of  the 
year,  the  relative  humidity  rises  to  nearly  or  quite  100  per  cent  by 
from  6  to  10  p.  m.,  and  there  remains  until  about  6  a.  m.,  when  it 
normally  drops  rapidly,  sometimes  to  as  low  as  19  per  cent,  though 
more  often  to  from  35  to  60  per  cent.  It  has  already  been  stated  that 
over  95  per  cent  of  the  white  flies  will  have  emerged  before  7  a.  m.  or 
before  the  humidity  has  f aUen  far  from  the  saturation  point.  That 
temperature  and  not  humidity  is  the  more  important  factor  governing 
emergence  in  Florida,  can  be  inferred  by  a  comparison  of  the  humidity 
and  temperature  records  of  Table  XIII.  It  so  happened  that  the 
cold  wave  of  March  21,  1908,  was  accompanied  by  a  higher  averi^ 
humidity,  but  the  temperature  and  not  the  humidity  prevented 
adults  from  emeiging.  Again,  during  the  spring,  when  the  daily 
maximum  temperature  is  seldom  above  85® — ^usually  less — emergence 
goes  on  even  at  midday  when  the  humidity  has  dropped  to  as  low  as 
33®.  In  this  connection  attention  should  be  called  to  the  fact  that  the 
humidity  in  the  corked  vials  mentioned  under  the  preceding  heading 
remained  at  about  100  per  cent  throughout  the  greater  part  of  the 
experiment. 

There  are,  however,  times  of  abnormal  weather  conditions  when 
lack  of  humidity  seems  to  play  an  important  part  in  preventing 
emergence.  During  the  month  of  March  there  sometimes  occur  dry 
winds  of  several  days'  duration,  accompanied  by  more  or  less  heat, 
which  seriously  check  emergence,  and,  as  far  as  can  be  determined, 
cause  many  pupae  from  which  adults  are  about  to  emerge  to  die. 

Two  such  periods  occurred  during  March,  1909,  from  the  3d  to  the 
6th,  and  from  the  25th  to  the  27th,  respectively.  During  these 
periods  the  relative  humidity  was  extremely  low,  on  one  day  dropping 
to  19  per  cent.  For  42  hours  during  the  latter  period  the  humidity 
ranged  below  60  per  cent  and  for  36  hours  above  50  per  cent.    During 
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these  periods  emei^ence  was  noted  to  be  seriously  checked  and  at  the 
end  of  the  latter  upward  of  30  per  cent  of  the  pup»  were  dead,  appar- 
ently from  no  other  cause. 

XmCT  or  LK}HT  ON  XIOBBOKNCB. 

During  the  summer  months  Ught  seems  to  have  an  influence  on 
emergence.  At  this  season  emergence  in  the  laboratory  and  grove 
begins  at  about  daybreak.  Observations  made  at  hourly  intervals 
on  the  emergence  of  233  adults,  from  3.30  and  4  a.  m.  show  that  white 
flies  rarely  emerge  before  this  time.  In  one  instance  only  about  one- 
third  as  many  white  flies  emerged  from  pupae  kept  in  the  dark  as  from 
those  kept  in  the  open,  and  their  emergence  was  noticeably  delayed. 
During  the  cooler  months  the  low  morning  temperatures  prevent  the 
white  flies  from  responding  to  this  apparent  stimulation  due  to  light, 
and  they  emerge  at  various  times  after  the  temperfiture  has  risen 
sufficiently  high. 

DURATION   OF  LDTB. 

WUhoutfood. — In  none  of  the  experiments  conducted  to  determine 
the  length  of  adult  life  without  food  have  white  ffies  lived  longer  than 
30'hours,  and  a  very  laige  percentage  has  died  before  the  end  of  24 
hours.  When  confined  on  leaves  of  plants  other  than  those  recognized 
as  food  plants,  life  is  usually  longer  than  this,  but  never  approaches 
the  normal  length.  White  flies  confined  on  crape  myrtle  in  July  died 
as  soon  as  those  kept  in  empty  cages,  but  flies  caged  on  oak,  in  March, 
lived  as  long  as  4  days;  those  on  fig,  in  August,  3  days;, and  on  banana 
shrub,  in  July,  2  to  3  days.  In  all  these  tests  flies  were  placed  only 
on  the  tenderest  growth. 

With  food. — ^Adult  life  under  normal  outdoor  conditions  averages 
about  10  days,  although  individual  white  ffies  kept  in  cages  have  been 
known  to  live  as  long  as  27  days.  Adults  are  so  fragile  and  so  easily 
killed  by  winds  and  heavy  showers  and  by  numerous  species  of  spiders 
and  ants  that  their  duration  of  life  is  at  most  very  uncertain.  Cage 
experiments  during  March,  April,  July,  August,  and  September  show 
that,  in  the  cages  at  least,  there  is  Uttle  difference  in  the  length  of 
life  at  various  times  of  the  year. 

ICATINO. 

The  courtship  of  the  citrus  white  fly  has  been  observed  to  begin 
within  2  hours  after  emergence,  and  in  one  instance  even  before  the 
wings  of  either  male  or  female  had  become  whitened.  There  is  no 
time  in  the  day  when  the  males  can  not  be  seen  courting  the  females. 
The  male  appears  unable  to  locate  the  female  at  a  distance  much 
greater  than  one-fourth  of  an  inch,  according  to  Prof.  H.  A.  Gk)ssard. 
Observations  made  during  the  present  investigations  show  that  when 
males  and  females  are  placed  in  separate  receptacles  and  separated 
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only  by  a  very  porous  cheesecloth  they  show  absolutely  no  attraction 
to  each  other.  Mating,  therefore,  is  not  so  likely  to  occur  when  the 
adults  are  scarce,  as  it  seems  to  be  the  result  of  chance  meeting  upon 
the  leaves  rather  than  to  such  a  definite  attraction  as  exists  between 
males  and  females  of  many  moths. 

Upon  detecting  the  female,  the  male  approaches  her  nervously, 
stopping  at  intervals,  especially  as  the  distance  lessens,  and  swinging 
his  body  about  excitedly  in  a  semicircle,  the  head  being  used  as  a  pivot, 
his  wings  in  the  meanwhile  opening  and  closing  spasmodically.  While 
no  movement  is  made  by  the  female,  she  is  repeatedly  approached 
from  many  directions  before  coition  occurs.  More  often  the  male  lies 
alongside  the  female  and  courts  her  in  this  position,  raising  and  low- 
ering his  wings  as  above  described,  and  raising  and  swinging  his  abdo- 
men from  side  to  side.  During  these  antics  of  the  male  the  female 
remains  quiet,  only  occasionally  flittering  her  wings.  While  males 
may  be  seen  courting  females  at  all  times  of  the  day,  it  is  seldom  that 
one  sees  a  pair  in  coitu  except  late  in  the  afternoon  and  evening.  Be- 
cause of  the  uniformity  of  color  and  the  ease  with  which  adults  are 
disturbed  and  made  restless  the  duration  of  copulation  c€in  not  be 
stated  with  certainty,  but  it  probably  lasts  but  a  short  time.  Experi- 
ments to  determine  the  duration  of  fertility  have  thus  far  proved 
unsuccessful. 

oviPosmoN. 

▲OK  AT  likoiNNDIO  OVIPOSniON. 

Virgin  females  in  confinement  have  deposited  eggs  within  6  hours 
after  emergence.  In  one  instance  35  virgins  deposited  58  eggs  between 
5  and  9^  hours  after  emergence  during  sunmier  weather,  with  the 
temperature  ranging  from  80°  to  92°  F.  However,  even  at  this  tem- 
perature single  females  occasionally  did  not  deposit  eggs  for  over  24 
hours.  Prof.  H.  A.  Gossard  *  states  that  egg  laying  begins  at  from 
18  to  30  hours  after  the  emergence  when  the  temperature  ranges  from 
65°  to  75°  F.  Laboratory  tests  have  shown  that  lack  of  fertilization 
does  not  prevent  a  female  from  depositing  eggs,  but  that  she  will 
readily  deposit  infertile  eggs  until  opportunity  for  mating  presents 
itself. 

PORTION  OF  PLANT  SELECTED. 

If  not  mimerous,  the  females  deposit  almost  exclusively  on  the  under 
surface  of  the  leaves,  laying  over  75  per  cent  of  their  eggs  on  the  half 
of  the  leaf  bordering  the  midrib.  It  is  only  when  veiy  abundant 
and  pressed  for  room  that  they  deposit  eggs  thickly  over  the  entire 
lower  surface  and  more  sparingly  on  the  upper  surface,  the  petioles, 
and  the  steins  of  twigs.  Next  to  the  portion  bordering  the  midrib, 
the  natural  depressions  and  the  curled  margins  of  the  leaf,  especially 

» Bui.  67,  Fla.  Agr.  Exp.  Sta.,  p.  609,  1903. " 
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of  the  tender  growth,  are  favorite  places  for  oviposition,  and  not 
infrequently  as  high  as  40  per  cent  of  the  eggs  are  there  laid,  even 
when  the  adults  are  not  very  abundant.  Although  eggs  may  be 
deposited  along  the  leaf  margin,  it  is  seldom  that  they  are  laid  on  the 
margin  itself,  as  is  the  case  with  the  cloudy-winged  white  fly.  Even 
when  not  crowded  for  leaf  space,  the  adults  sometimes  settle  upon  the 
under  side  of  young  fruit,  where  they  deposit  eggs  freely  and  appar- 
ently feed. 


DAILY  RATE  Or  OVIPOSITION. 


Previous  to  these  investigations  no  data  have  been  published  on 
the  daily  rate  of  oviposition.  In  obtaining  the  data  given  in  Table 
XII,  the  females  recorded  were  collected  at  random  throughout  the 
grove,  without  regard  to  age,  and,  together  with  males  not  mentioned, 
were  caged  over  leaves  cleaned  of  all  eggs  and  larvae  of  the  white 
fly  and  allowed  to  remain  the  recorded  time,  when  the  adults  were 
removed    and   the   eggs   counted. 


Table  Xll.— Daily  rate  of  oviposition  of  the  citrus  white  fly. 

Record 
No. 

Date  deposited. 

Number 

of 
females. 

Duration 
laying. 

Number 
of  eggs 
depos- 

number 

per  24 
hours. 

mean 
tempera- 
ture. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Feb.  2^24, 1909 

Apr.  11-15, 1907 

Apr.  20-21, 1909 

Apr.  21-22, 1909 

June  16-17, 1W9 

July  17-18, 1907 

July  22-23, 1907 

July  24-28, 1907 

Aug.  17-18, 1907 

Sept.  21-Zf,  1908 

14 
3 
60 
40 
30 
255 
105 
60 
70 
35 

Hourt. 
26 
103 
24 
24 
24 
21 
24 
46 
24 
24 

197 
98 
454 

405 

360 

2,533 

1,216 

1,331 

805 

405 

13 
7.6 
9.1 
10.1 
12 
11.3 
11.6 
13.8 
11.5 
11.6 

•  F. 
74.5 
68.2 
77.2 
78.2 
82 
82 
85 
84 
81 
79 

Number  eggs  per  day  per  female,  grand  average,  11.2. 

The  generally  uniform  results  obtained  in  the  nine  records  when 
the  average  mean  temperature  was  about  75°  F.  or  above,  together 
with  the  grand  average  daily  rate  of  oviposition'  for  individual 
females  whose  age  was  definitely  known,  as  shown  in  Table  XIII, 
indicate  that  each  female  normally  deposits  on, an  average  10  or  11 
eggs  a  day.  Varying  degrees  of  temperature  above  a  daily  mean 
of  75®  F.  do  not  correspondingly  increase  the  number  of  eggs 
deposited.  However,  temperatures  below  an  average  mean  of  72°  F. 
{estimated)  have  a  distinct  checking  effect  upon  oviposition,  as  shown 
by  record  No.  2. 

Notwithstanding  the  general  average  number  of  eggs  per  day 
deposited  by  the  females  of  all  ages  in  Table  XII,  and  the  same  for 
the  females  of  known  ages  for  the  total  number  of  days  they  lived, 
in  Table  XIII,  reference  to  the  daily  oviposition  records  in  the  latter 
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shows  that  as  many  as  14,  19,  27,  or  even  33  eggs  may  be  deposited 
by  a  single  female  in  one  day.  It  will  also  be  noted  tiiat  much 
Tariation  exists  between  the  number  of  eggs  deposited  by  several 
different  females  on  the  same  day  and  by  the  same  female  on  suo- 
cessive  days  without  any  apparent  reason,  and  that  there  exists  no 
appreciable  difference  between  the  rate  of  deposition  by  virgin  and 
by  fertilized  females. 

Tablx  XIII. — Number  of  eggs  deposited  by  single  females  of  the  citrus  white  fly. 
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4  Dead;  11  eggs  in  abdomen. 
*  Dead;  7  eggs  in  abdomen. 


The  eight  records  in  Table  XIII  are  selected  from  about  forty 
similar  records  on  file  and  are  considered  as  representing  an  average 
condition  of  oviposition.  Although  the  general  average  of  10.3  eggs 
per  day  throughout  life  for  the  8  females  recorded  in  Table  XIH 
agrees  very  closely  with  the  similar  average  obtained  in  Table  XII, 
there  is  sufficient  evidence  in  the  data  in  Table  XTTT  to  warrant 
the  statement  that  the  daily  rate  of  oviposition  for  individual  females 
is  usuaUy  greater  during  the  early  part  of  the  insect's  life  and  de- 
creases with  each  successive  week  of  existence.  Leaving  out  of  con- 
sideration the  first  day,  when  the  flies  had  not  reached  their  normal 
egg-laying  capacity,  a  httle  calculation  shows  that  the  average  daily 
deposition  for  the  three  successive  weeks  is  12.8,  8.6,  and  6.1,  respec- 
tively. This  same  decrease  in  the  number  of  eggs  deposited  with 
increase  in  age  is  perhaps  better  brought  out  by  a  study  of  the  number 
of  eggs  deposited  by  the  individual  females  over  6-day  periods. 
Thus  No.  6  averaged  16.2  eggs  per  day  for  the  first  10  days,  but  for 
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the  next  5  dropped  to  an  average  of  7.8;  Nos.  4  and  7  showed  a  sharp 
iaUing  off  during  the  second  5  days.  No.  3  is  an  exception  to  the 
above  statement,  maintaining  an  average  of  from  9.8  to  11.8  eggs 
per  day  for  the  first  three  periods  of  5  days  each,  and  during  the 
fourth  period  of  5  days  deposited  as  many  eggs  as  during  the  first 
5  days.  It  will  be  noticed,  however,  that  No.  3  deposited  compara- 
tively few  eggs  during  the  early  part  of  her  life.  In  view  of  the  fact 
that  the  average  adult  Hfe  is  only  about  10  days,  the  higher  rate  of 
deposition  during  early  life  has  an  influence  on  multiplication. 

KUMBXB  or  X008  DEP08ITKD  BT  SIKOLS  rSMALSS. 

First  mention  of  the  egg-laying  capacity  of  the  citrus  white  fly 
was  made  by  Kiley  and  Howard,*  who  based  their  conclusions  on 
the  number  of  eggs  that  could  be  counted  in  the  abdomen  of  the 
females  when  mounted  in  balsam,  and  not  upon  daily  counts  of  eggs 
deposited  by  the  females  throughout  life.  Their  estimate  of  about 
25  eggs  as  the  probable  total  number  of  eggs  deposited  by  a  single 
female  during  life  has  been  generally  accepted  by  subsequent  writers, 
none  of  whom  has  ever  placed  the  maximum  number  deposited 
above  this  figure.  The  present  investigations,  however,  have  demon- 
strated'that  this  estimate  is  far  too  low  and  that  the  number  of  well- 
developed  eggs  to  be  foimd  in  the  abdomen  of  the  female  at  any  one 
time  is  not  indicative  of  the  number  of  eggs  deposited  throughout 
her  life.  Females  have  been  known  to  deposit  more  than  this  number 
of  eggs  in  a  single  day.  As  will  be  seen  by  reference  to  Table  XIII,  as 
many  as  211  eggs  have  been  actually  deposited  by  one  female,  and 
should  the  11  well-developed  eggs  found  in  her  abdomen  at  death  be 
added  a  total  of  222  eggs  would  be  obtained.  As  this  female.  No.  6, 
lived  but  17  days  and  others  have  been  known  to  hve  28  days,  it  is 
even  probable  that  as  many  as  250  eggs  more  nearly  represent  the 
maximum  egg-laying  capacity  imdermostfavorableconditions.  How- 
ever, it  is  seldom  that  a  female  Hves  sufficiently  long  to  deposit  her 
full  quota  of  eggs.  With  the  average  length  of  adult  life  curtailed  to 
about  10  days,  the  average  of  149.2  eggs  per  female,  as  shown  in 
'Table  Xni,  is  beyond  doubt  high.  An  average  of  125  eggs  per  female 
is  nearer  the  number  of  eggs  deposited  during  life  in  the  grove. 

▲cnviTT  IN  oviPoamoN  dxtbino  diffibxnt  pabts  or  the  day. 

In  order  to  determine  that  portion  of  the  day  when  eggs  are  most 
freely  deposited  by  females  during  summer  weather,  adults  were 
inclosed  in  a  rearing  cage  over  leaves  from  which  all  previously 
deposited  eggs  had  been  removed,  and  allowed  to  remain  for  a  period 
of  two  hours,  when  the  cage  with  adults  was  removed  to  another  leaf 
and  the  deposited  eggs  counted,  with  results  shown  in  Table  XTV. 

*  Insect  Life,  vol.  5,  p.  222,  1893. 
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Table  XIV.  — AcUvUy  of  the  dtrus  wkUefly  in  ovipoiUion  during  different  parts  of  the  day. 
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1  Average  temperature  for  entire  day  of  24  homv;  not  the  average  of  the  8  periods. 

From  the  data  it  will  be  seen  that  while  oviposit  ion  occurs  at  all 
times  of  the  day,  nearly  60  per  cent  of  the  ^gs  are  deposited  between 
4  p.  m.  and  8  p.  m.,  and  that  oviposition  does  not  cease  on  the  ap- 
proach of  darkness.  The  variation  in  the  number  of  eggs  deposited 
during  the  periods  from  6  a.  m.  to  4  p.  m.  has  Httle  significance.  It 
was  noted  that  the  least  number  of  eggs  were  deposited  when  the 
bright  sun  fell  directly  upon  the  cage. 

In  further  eviderifce  of  the  greater  activity  of  oviposition  during 
the  latter  part  of  the  day,  two  other  cages  were  started  on  August  1, 
1909.  One  cage  placed  repeatedly  over  the  tenderest  growth  resulted 
in  698  eggs  being  laid  between  10.15  a.  m.  and  4.15  p.  m.,  as  com- 
pared with  895  eggs  laid  between  4.30  p.  m.  and  7.30  p.  m.  The 
second  cage,  covering  spring  growth,  gave  115  as  compared  with  786 
eggs  deposited  during  the  same  periods. 

Relation  between  oviposition  and  food  supply. — ^As  the  egg-laying 
capacity  of  a  single  female  is  close  to  250  eggs  and  but  25  well- 
developed  eggs  have  ever  been  seen  in  her  abdomen  at  any  one  time, 
it  is  necessary  that  she  obtain  nourishment  sufficient  to  mature  her 
numerous  ^'potential"  eggs.  There  remain  many  interesting  obser- 
vations and  experiments  to  be  made  on  the  relation  between  oviposi- 
tion and  food  supply.  That  females  deposit  fewer  eggs  when  feeding 
upon  many  of  the  recognized  food  plants  other  than  citrus  than  they 
do  on  the  latter  is  a  subject  of  considerable  interest.  While  adults 
feed  apparently  as  contentedly  upon  new  growth  of  China  trees  and 
umbrella  China  trees,  they  do  not  appear  to  deposit  as  many  ^gs 
per  female  on  these  host  plants  as  on  citrus.  The  extremely  small 
number  of  eggs  laid  by  females  swarming  over  new  growth  of  wild 
persimmon  in  June  at  Orlando  is  even  more  astonishing  considering 
the  marked  preference  shown  by  the  females  for  this  growth  over  the 
spring  growth  of  orange.  Even  on  citrus  itself  oviposition  is  influ- 
enced by  the  ages  and  corresponding  toughness  of  the  leaves,  though 
not  as  markedly  as  is  that  of  the  cloudy-winged  white  fly.  In  one 
instance  equal  numbers  of  adults  were  confined  on  a  tender  and  an 


Digitized  by 


Google 


THE  CITBUS  WHITE  FLY:   LIFE  HISTORY  AND  HABITS.  77 

old  leaf  of  orange  for  two  hours,  when  the  adults  were  removed  and 
576  eggs  were  found  to  have  been  laid  on  the  tender  leaf  and  but  25 
on  the  old  leaf.  Again,  under  practically  the  same  conditions,  364 
eggs  were  deposited  upon  tender  growth  and  but  2  on  very  old  growth. 
The  difference  between  oviposition  on  tender  August  growth  and 
spring  growth  is  not  as  great  as  this,  though  very  marked,  as  about 
90  per  cent  of  the  third-brood  adults  fly  to  the  new  growth  put  on 
by  the  trees  late  in  July  and  early  in  August. 

From  the  foregoing  it  is  evident  that  the  number  of  ^gs  deposited 
is  strongly  influenced  by  the  nature  of  the  insect's  food.  Females 
confined  in  empty  cages  never  deposit  eggs,  neither  do  those  resting 
upon  thick  bark,  ladders,  or  picking  boxes,  and,  as  has  been  stated 
under  "Food  plants,"  oviposition  is  entirely  checked^  when  females 
are  confined  witl\  leaves  of  nonfood  plants.  This  difference  in  the 
nimiber  of  eggs  deposited  on  various  plflnts  may  prove  of  value  from 
the  standpoint  of  trap  foods,  and  become  a  factor  in  the  control  of 
this  pest. 

PBOPOBTION   or  8BZB8. 

Examination  of  thousands  of  adult  citrus  white  flies  at  all  seasons 
of  the  year  has  shown  that  after  a  grove  has  become  well  infested  an 
equilibrium  between  the  proportion  of  males  and  females  is  estab- 
lished from  which  there  is  under  ordinary  conditions  Uttle  variation. 
In  such  groves  it  has  been  found  that  from  60  to  75  per  cent  of  the 
adults  are  females.  Of  the  records  on  file,  about  66  per  cent  give 
percentages  of  60  and  over  for  females,  while  66  to  76  per  cent  are 
more  frequent  percentages  where  adults  are  abundant. 

In  groves  where  the  progress  of  the  white  fly  has  been  very  seri- 
ously and  suddenly  checked  by  natural  or  artificial  causes,  the  pro- 
portion of  sexes  is  subject  to  a  much  wider  variation  and  there  follow 
for  a  time  fluctuations  between  a  predominance  of  males  and  females. 
In  one  such  grove  where  the  white  fly  had  been  greatly  reduced  in 
numbers  because  of  the  scarcity  of  adults  of  the  first  brood,  there  was 
a  very  large  percentage  of  males  appearing  with  the  second  brood, 
which  in  turn  resulted  in  the  third  brood  of  90.6  per  cent  females. 
In  a  second  grove,  where  over  99  per  cent  of  the  white  fly  were  kiUed 
by  fumigation,  the  few  females  of  the  first  brood,  because  of  their 
isolation  due  to  scarcity  in  numbers,  were  forced  to  deposit  mostly 
infertile  e^s,  which  resulted,  in  the  second  brood,  in  a  reduction  of 
females  to  18.6  per  cent. 

Dependence  of  sex  upon  parthenogenesis, — ^The  proportion  between 
the  sexes  is  largely  and  evidently  entirely  dependent  upon  partheno- 
genesis.    It  has  been  shown  that  infertile  females  deposit  eggs  in  as 

'Three  hundred  adults  of  A.  citri  confined  on  the  tenderest  spring  growth  of  oak 
for  three  days  deposited  1  egg. 
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large  numbers  and  as  frequently  when  males  are  not  given  access  to 
them  as  do  fertile  females,  and  that  the  adults  developing  from  these 
eggs  are  all  males.  Whether  the  adults  from  fertile  ^gs  are  invari- 
ably females  has  not  been  proved,  although  the  evidence  leaves  little 
doubt  that  they  are.  If  otherwise,  it  would  be  difficult  to  account 
for  the  fluctuations  in  sexes  mentioned  under  the  preceding  heading, 
or  to  explain  the  great  predominance  of  females  over  males  after  the 
species  has  become  well  established. 

INFLUBNCB  OT  WBATHBR  CONDITIONS  ON  ACTIVITY  OF  ADULTS. 

During  the  cooler  portions  of  the  year,  when  adults  are  present  on 
the  trees,  very  few  are  seen  flying  about  from  tree  to  tree  unless 
abundant.  The  morning  and  evening  temperatures  easily  chill  them; 
hence  their  activities  are  confined  to  the  warmer  part  of  the  day. 

However,  after  summer  weather  has  become  established  the  white 
flies  rest  very  quietly  on  the  under  surface  of  the  leaves  during  the 
greater  part  of  the  day.  They  shun  the  bright  sunshine  and  prefer 
leaves  in  shaded  .places.  When  exposed  to  the  sun  without  protec- 
tion they  soon  die.  As  the  temperature  falls  during  the  late  after- 
noon, and  especially  after  afternoon  showers  when  the  humidity  has 
risen  to  90®  or  even  to  100®,  they  become  very  active,  and  about  4 
o'clock  begin  to  fly  about  from  leaf  to  leaf  and  from  tree  to  tree,  and, 
when  very  abimdant,  swarm  in  such  large  numbers  about  the  groves 
and  town  streets  as  to  arrest  the  attention  of  pedestrians,  to  whom 
they  become  at  times  a  source  of  much  aggravation,  becoming  en- 
tangled in  the  hair,  crushed  upon  the  dothing,  breathed  in  with  the 
air  and  causing  choking,  and  flying  into  the  eyes. 

FEEDING  HABITS  OF  ADULTS. 

The  adult  insects,  having  well-developed  sucking  mouth  parts,  feed 
upon  the  plant  juices  in  the  same  maimer  a^  do  the  larv»  and  pup», 
but  with  the  advantages  of  not  being  confined  to  the  same  location. 
They  do  not  leave  any  external  evidence  of  the  feeding  except  on 
very  young  growth,  when  the  feeding  of  a  large  number  of  adults 
frequently  produces  a  crinkling  of  the  foliage. 

It  is  difficult  to  determine  positively  whether  or  not  an  adult  citrus 
white  fly  is  feeding  when  it  is  resting  on  a  leaf  or  stem.  Adults  rest 
contentedly  during  the  warm  portions  of  the  day  upon  the  underside 
of  leaves  of  plants  upon  which  they  have  never  been  known  to  de- 
posit eggs.  Under  thes^  circumstances  they  even  appear  to  mate, 
and  it  seems  probable  that  they  feed  to  a  limited  extent.  When  on 
one  of  the  principal  food  plants  of  the  species,  however,  it  is  safe  to 
consider  that  adults  feed  wherever  eggs  are  deposited  in  noticeable 
numbers.  It  is  because  of  this  indiscriminate  settling  upon  vege- 
tation upon  which  they  are  not  able  to  subsist,  and  upon  wliich  they 
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never  breed,  that  the  belief  has  received  such  an  unfortunately  wide 
circulation  among  orange  growers  that  the  citrus  white  fly  breeds  on 
aU  kinds  of  hammock  trees,  shrubs,  and  grasses.  Eegardless  of  the 
food  plant,  the  adults  feed  almost  exclusively  upon  the  under  surface 
of  the  leaves,  more  rarely  upon  the  fruit,  and  never  upon  the  woody 
portions  of  the  tree.  When  new  growth  is  very  young  and  the  leaves 
have  not  expanded,  adults  often  feed  upon  both  surfaces  of  the  leaf, 
the  petiole,  and  even  the  tender  shoots,  but  this  lasts  only  for  a  short 
time.  At  all  seasons  the  newest  growth  is  preferred,  as  indicated 
by  the  data  imder  the  caption  of  the  relation  of  food  supply  to  ovipo- 
sition,  and  the  portion  of  the  plant  selected  coincides  with  that 
already  discussed  for  oviposition.  It  should  be  noted  here  that  the 
decided  preference  of  the  adults  for  the  new  growth  has  a  checking 
effect,  asmoted  elsewhere,  upon  multiplication,  as  they  are  entirely 
lacking  in  instincts  preventing  over-oviposition     , 

MULTIPUCATION. 

The  relation  of  multipUcation  to  food  supply  and  the  restrictions 
upon  multipUcation  due  to  overcrowding,  natural  mortaUty,  drop- 
ping of  leaves  after  freezes,  parthenogenesis,  and  attacks  by  insects 
and  other  predaceous  enemies  and  fungi  will  be  found  treated  else- 
where. It  has  been  estimated  that  not  more  than  5  per  cent,  at  the 
most;  of  the  eggs  deposited  throughout  the  State  result  in  the  develop- 
ment of  mature  insects.  If  each  female  deposited  her  full  number 
of  eggs  and  all  the  forms  Uved,  it  has  been  estimated,  the  progeny  of 
a  single  pair  of  white  flies  emerging  in  January  would  amount  to 
about  55,000,000,000  in  one  year. 
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LSNOTH    OF   LlTB    CtCLK. 

Data  concerning  the  duration  of  the  egg,  larval,  and  pupal  instars 
of  the  citrus  white  fly  have  already  been  given,  but  not  in  a  form  readily 
showing  the  relation  to  the  complete  life  cycle.  From  some  of  the 
more  important  and  complete  of  the  life-history  studies  the  data  in 
Table  XV  have  been  arranged  to  illustrate  the  important  points  in 
this  connection: 

Table  XV .--Length  c/ Itfe  c^U  of  the  citrua  v^iiU  fy  at  (hlando,  Fla, 


Lot  No. 


Egpdo- 
poritod. 


First 


ntflr 


tfly 


First  flj 
insprtng. 


No.1.. 
No.2.. 
No.  3.. 
No.  4.. 
No.  6.. 
No.  6.. 
No.7.. 
No.  8.. 
No.».. 
No.  10. 
No.  11. 
No.  12. 
No.  13. 
No.  14. 
No.  15. 


Feb.  33 
Mar.    3 

Apr.  3 
Apr.  ao 
June  16 
July  17 

..do 

July  10 
July  26 
Aug.  1 
Aug.  3 
Aug.  8 
Aug.  0 
Sept.  18 
Sept.  21 


Apr. 
May 

May 

June 
July 
Aug. 
Se^. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Mar. 
Mar. 
Mar. 


Mar.  IB 


Sept.  10 
Sept.  17 
Sept.  31 
Sept.  30 
Sept.  20 

8eptl27' 
0 
0 
0 


Mar.  16 
Mar.  17 

..do 

Mar.  18 
Mar.  24 
Mar.  23 


^- 


10 
[ay  i 
May  1 
May  10 
Apr.  6 
Apr.  15 


Mar.  20 
Mar.  16 
Mar.  13 


iuy'te 
Apr.  « 

mS^  10 


Lot  No. 


Least  ^ 
number  of 
days  lor 
develop- 


Largest  . 
nuniberof 
days  for 
develop- 


Peroent 

emoging 

before 

winter. 


Percent 
winter- 
ing over 
to  emerge 
In  spring. 


Smallest 
number 
degrees 
effective 
tempera- 
ture for 
develop- 
ment. 


Degrees 
aoeumo- 
lating 
before 
spring 


genoe. 


Degwa 
aocunin* 
lating 
before 
last  fly 
emerpd. 


No.l. 
No.2. 
No.  3.. 
No.  4. 
No.  5. 
No.  6. 
No.7. 
No.  8. 
No.  9. 
No.  10, 
No.  11 
No.  12 
No.  13 
No.  14 
No.  15 


67 
67 
57 
48 
44 
41 
49 
45 
42 
49 
53 
42 
223 
179 
172 


100.0 
100.0 
100.0 


273 
291 
286 
288 
248 
255 


276 
222 
231 


56.9 

30.8 

12.7 

29.8 

5.5 

3.6 

2.7 

0 

0 

0 


43.1 
09.2 
87.3 
70.2 
94.5 
06.4 
97.3 
100.0 

loao 
loao 


1,783 
1,885 
1,888 
1,712 
1,725 
1,641 
1,973 
1,815 
1,703 
2,015 
2,153 
1,736 
5,825 
4,552 
4,289 


6,632 
6,666 
6,504 
6,322 
6,256 
6,107 


7,619 
8.353 
8,060 
7,« 
6,654 


6,825 
4,552 
4,280 


7,645 
6,836 
6.100 


From  this  table  it  will  be  seen  that  the  period  of  development  for 
individuals  hatching  from  eggs  laid  upon  the  same  leaf  within  a  few 
hours  of  each  other  is  subject  to  an  astonishing  variation,  ranging 
from  41  to  333  days.  This  variation  is  absolutely  independent  of 
both  temperature  and  humidity  influences.  It  will  be  noted  that 
the  sums  of  effective  temperatures  required  for  the  minimum  durar 
tion  of  immature  stages  for  individuals  developing  from  eggs  de- 
posited between  February  23  and  August  8  vary  from  1,641°  to 
2,153°,  with  an  average  of  1,846°,  which  may  be  regarded  as  very 
nearly  the  normal  for  minimum  development  up  to  the  time  when 
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aD  individualB  winter  over  as  pup».  It  should  also  be  noted  that 
the  number  of  maximum  degrees  of  effective  temperature  is  more 
strongly  influenced  by  the  time  of  year  the -eggs  are  deposited — the 
nearer  the  winter  months  deposition  takes  place  the  fewer  the  degrees 
accumulating  before  the  last  fly  emerges.  This  is  due  to  the  equal- 
izing effect  of  the  cooler  winter  temperatures. 

This  same  equalizing  effect  of  the  winter  temperatures  upon  the 
length  of  the  life  cycle  for  individuals  developing  from  e^s  laid  on 
September  20  is  brought  out  in  Table  XVI: 

Tablx  XVI. — Duration  ofinstars  o/the  citnit  white  fly. 


iDstar. 

Spaef- 

FInt. 

Second. 

Third. 

PuiMl. 

Total 
num- 

No. 

Dimtioaor 
instv. 

Nmn* 
b«r 
of 

dajs. 

Dnxmtkmof 
Instar. 

Num- 
ber 
of 

days. 

Dunttooof 
Instar. 

Num- 
ber 
of 

dAJB. 

Dunttooof 
Insttr. 

Num« 
ber 

ber  of 
dftys. 

1 

2 

8 

4 

i 

1908. 

Oct.  3-10 

Oct.  3-10 

Oct.  3-1* 

Oct3-NoT.2. 
Oct.  3^10..... 

8 
8 
13 
31 
8 

1906. 
Oct.  10-15.. 
Oct.  10-24.. 
Oct.  15-22.. 
Nov.  2-16. . 
Oct.  10-18.. 

5 
14 

7 
14 

8 

1908. 

Oct.  15-27 

Oot.24-Nav.>0 
Oct.22-Nov.4.. 
Nov.l6-Dec.3.. 
Oct.  18-29 

12 
17 
13 
17 
U 

1908. 
Oct.  27- Apr.  28 
Nov.  10-Apr.  17 
Nov.4-Apr.8.. 
Dec.8-Apr.6... 
Oct.29-3Iiir.26. 

173 
158 
155 
128 
148 

198 
197 
188 
190 
175 

From  this  table  it  will  be  seen  that  retardation  in  growth  dunng 
any  one  instar  does  not  affect  materially  or  show  a  corresponding 
increase  in  the  total  number  of  days  required  for  development  when 
the  individual  passes  the  winter  in  the  pupal  stage.  Also,  that  an 
unusually  large  number  of  days  spent  in  one  instar  does  not  neces- 
sarily mean  that  the  individual  insect  will  be  equally  backward 
in  the  next  instar.  These  records  of  daily  observation  on  individual 
specimens  from  hatching  to  adult  are  only  5  of  85  similar  obser- 
vations for  the  same  period.     Nos.  2-5  were  insects  on  the  same  leaf. 

SEASONAL  HISTORY. 
Gbnbrations  of  thb  Cttbus  White  Flt. 

It  has  been  generally  understood  in  the  past  that  there  are  three 
generations  annually  of  the  citrus  wiiitefly,  although  Prof.  H.  A. 
Gossard/  states  that  ''four  generatfons  a  year  doubtless  often  occur, 
but  not  in  sufficient  numbers  to  obscure  three  well-defined  broods 
as  the  rule."  In  the  greenhouses  at  Washington,  Riley  and  Howard ' 
found  that  there  were  but  two  generations  annually.  The  life-history 
work  of  the  present  investigations  has  shown  that  while  the  general 

>  Bui.  67,  Fla.  Agr.  Exp.  Sta.,  p.  612, 1903. 

>  Insect  life,  vol.  5,  p.  224, 1893. 
69131**— Bull.  92—12 6 
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observations  of  the  past  leading  to  the  statement  of  three  more  or 
less  distinct  periods  of  emergence  are  correct,  the  number  of  generar 
tions  annuaUy  ranges  from  two  to  five,  or,  under  unusually  favorable 
conditions,  from  three  to  six.  In  figure  11  the  maximum  and  mini- 
mum number  of  generations  as  actuaUy  known  to  occur  in  groves 
at  Oriando  during  1907-9  has  been  plotted.  Figure  11  is  based 
upon  the  development  of  individuals  in  rearing  experiments.  The 
generation  between  January  and  March  may  or  may  not  occur, 
according  to  whether  the  winter  weather  is  warm  or  cold,  but  when 
present  is  numerically  insignificant.  The'  other  generations  are 
more  confused  than  can  be  indicated  diagranmiatically.     As  may 


/\ 


0)AMY 


r^) 


jcay 


(t)/^(/6^xpr. 


(fJsenLocr* 


Jm£,JC/i 


(3)J(/Af£,jaiy 


CsJj4(/^ 


SEPT 


(6)  S£Pr,  OCT 

1 


3nf.  4fh,      5th.       4th.       Sth.  €fA.  3rd, 

*  /ADULTS  £M£RStt^6  /^T  m/S  77M£  ^f^€  A5TOV  £GCS  DEPOSfrCD 
BEFORS  THE  /Sf/f.  OT  A(/6(/Sr 

Fio  11.— Diagram  showing  generatlonB  of  the  dtnu  white  fly.    (Orlgiiial.) 

have  Deen  inferred  from  data  in  Tables  XV  and  XVII,  the  variation  in 
the  number  of  generations  is  due  ahnost  entirely  to  the  length  of  the 
pupal  stage,  which,  as  has  already  been  pointed  out,  is  subject  to 
wide  variation,  the  cause  of  which  can  not  be  traced  to  food,  tem- 
perature, humidity,  or  location  on  the  tree.  The  most  striking 
variation  in  the  length  of  life  cycle,  with  its  effect  upon  the  possible 
number  of  annual  generations,  is  found  among  individuals  developing 
from  eggs  deposited  in  April  and  May.  In  one  instance  eggs  depos- 
ited on  April  20  produced  adults  on  June  6,  July  31,  and  in  the 
following  March.  In  the  main,  each  generation  has  two  more  or 
less  distinct  periods  of  emergence,  as  reference  to  the  data  in  Tables 
XV  and  XVII  will  show. 
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Tablb  XVJl.—Emergence  of  adult  eUnu  white  flies  at  Orlando,  Fla} 


Rttsofu 

Ec^^epce. 

April. 

May. 

June. 

July. 

August. 

No. 

1-16 

16-30 

1-15 

16-31 

1-15 

1 
16-30   1    1-15 

16-31 

1-15 

16-31 

1 

Feb.  22 

Mar.3 

liar.  18-^... 

Apr.  20 

June  16 

July  17 

July  17 

July  19 

July  26 

Aug.  1 

Aug.  8 

Aug.  9 

Sept.  18 

Sept.  21 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

85 
44 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 

44 

51 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

30.8 
60.1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.0 

28.6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0- 

0 
0 
U 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4.9 

8.2 

<\ 

0 
0 
0 
0 
0 
0 
0 
0 

9.9 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

32.1 
0 
0 
0 
0 
0 
0 
0 
0 

Record 

Eggs  deposited. 

September. 

October  to 
March. 

March. 

AprU. 

May. 

No. 

1-16 

16-30 

1-15 

16-31 

1-15 

16-30 

1-15 

16-30 

1 

Feb.  22 

2 

Mftr.  ?.  . 

3 

4 

liar.  18-25 

Apr.  20 

0 
0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

5 

June  16 

6 

July  17 

24.4 

23.9 

8.7 

23.8 

0 

0 

0 

0 

0 

0.4 

6.9 

1.7 

6.5 

3.3 

2.7 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

43.1 
67.8 
89.2 
64.3 
85.6 

0 

1.9 

.4 

5.4 

11.1 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 

7 

July  17 

0 

8 

July  19 

0 

9 

July  26 

0 

10 

Aug.l 

0 

11 

Aug.  8 

12 

Aug.  9 

98.7 
88.3 
38.6 

1.3 

46.8 

47 

6 

14.9 
14. 7 

0 
0 
0 

0 

13 

Sept.  18 

0 

14 

Sept.  21 

0 

1  This  table  is  introduced  to  demonstrate  the  two  emergence  periods  for  individuals  developing  from. 
eggs  deposited  at  the  same  time.  It  is  not  intended  to  represent  the  abundance  of  adults  at  different 
times  of  the  year.    Figures  represent  percentages. 

«  Only  one  fly  survived  to  winter  over. 

•  One  fly  emerged  July  30.  Leaf  was  broken  off  on  same  day.  Development  of  flies  indicated  that  at 
least  50  per  cent  would  have  emerged  during  August. 

This  makes  it  possible  for  adults  emerging  during  the  first  period 
to  deposit  eggs  for  a  second  generation,  a  portion  of  the  adults  of 
which  (first  brood)  will  emerge  at  the  time  of  the  second  emergence 
period  (second  brood)  for  the  first  generation,  while  a  large  proportion 
of  the  remaining  indiyiduals  on  the  leaf  to  all  appearances  remain 
stationary  in  their  development,  though  actively  secreting  honeydew, 
until  the  approach  of  the  first  emergence  period  of  the  second  genera- 
tion started  by  the  second  brood  of  the  first  generation,  when  they 
rapifily  mature  and  emerge  with  this  brood.  However,  this  double 
brooded  character  of  each  generation  up  to  and  including  generations 
started  in  early  August  does  not  obscure  the  three  well-defined 
"broods"  of  adults,  to  be  discussed  under  "Seasonal  fluctuations  in 
the  numbers  of  adults  or  so-called  'broods,'"  but  shows  that  the 
adults  appearing  during  the  three  general  emergence  periods  do  not, 
strictly  speaking,  represent  a  single  brood  of  one  generation,  but 
different  broods  of  different  generations.    By  far  the  greater  number 
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of  wintermg-over  pup»  belong  to  the  fourth,  fifth,  and  sixth  genera- 
tions, with  the  last  two  most  abundantly  represented.  The  number 
of  third-generation  pup» — or  second  generation  should  the  first  gen- 
eration in  figure  11  not  occur — to  winter  over  is  insignificant. 

Sbasonal  Fluctuations  in  thb  Numbers  of  Aduits  or  so-called  ''Broods." 

During  winters  of  unusual  mildness  there  is  a  tendency  for  con- 
tinuous breeding,  and  adults  in  vaiying  numbers  can  be  found  on 
the  wing  at  different  times,  but  these  are  as  a  rule  too  few  in  number 
to  be  of  importance  in  effecting  the  general  seasonal  histoiy  of  the 
citrus  white  fly.  With  the  exception  of  the  limited  number  of  larva 
developing  from  eggs  deposited  by  these  unseasonal  adults,  the 
white  fly  passes  the  winter  in  the  pupal  stage.  The  first  general 
spring  emergence  of  adults  begins  after  the  daily  mean  temperatures 
have  risen  to  about  65^  F.,  which  at  Orlando  in  1909  was  about  Feb- 
ruary 20. 

There  are  three  periods  throughout  the  year  when  adult  citrus 
white  flies  are  so  much  more  abimdant  than  at  other  seasons  that  it 
is  generally  said  there  are  three  broods  of  white  flies  each  year, 


Jio.  12.~DiBgram  ahowiiig  abundanoe  of  adults  of  the  citrus  white  fly  at  Orlando,  Fbk,  throughout 

1900.    (Original.) 

although,  as  already  noted  under  the  subject  of  generations,  the  term 
brood  in  this  case  is  somewhat  misleading.  The  dates  at  which  these 
adults  appear  is  subject  to  such  variation  in  groves  in  the  same 
county,  town,  or  even  on  individual  trees  of  the  same  grove,  that  no 
accurate  statement  of  the  dates  between  which  the  broods  occur 
throughout  the  State  as  a  whole  can  be  made.  The  liuthors,  there- 
fore, have  chosen  to  follow  the  history  of  the  white  fly  in  a  single 
grove  at  Orlando  during  the  season  of  1909  as  a  specific  example,  as 
a  basis,  and  present  in  figure  12  a  curve  representing  the  abundance 
of  adults  throughout  that  season.  In  all  its  essential  features  the 
curve  is  regarded  as  representing  the  appearance  of  adults  in  any, 
grove,  when  it  is  remembered  that  variations  of  from  one  to  ttuee 
or  four  weeks  may  occur  in  the  appearance  of  the  broods. 

While  it  is  generally  beUeved  that  adults  appear  earlier  in  the  spring 
throughout  southern  Florida,  it  is  a  fact  that  there  is  very  little  dif- 
ference in  time  of  emergence  between  that  and  the  central  portion. 
Emergence  throughout  the  northern  portion  of  the  State  is,  according 
to  the  season,  from  one  to  four  weeks  later  than  in  the  central  and 
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southern  portions.  Prof.  H.  A.  Gossard  has  stated  that  at  Lake 
City  in  1902  white  flies  began  to  appear  no  earlier  than  April  14,  and 
continued  to  appear  until  late  in  May,  although  the  majority  of  them 
emerged  during  the  latter  half  of  April,  while  in  1903  the  same  trees 
produced  adulta  as  early  as  March  12,  or  but  one  week  later  than 
groves  at  Orlando  and  Palmetto.  While  the  spring  brood  of  adults 
at  Orlando  in  1909  had  begun  to  emerge  as  early  as  February  20  and 
had  reached  their  height  and  begun  to  decline  by  March  27,  on  the 
latter  date  in  St.  Augustine  only  ^  per  cent  of  the  pup^e  had  devel- 
oped the  eyes  of  the  adult  and  practically  no  adults  had  emerged. 
Professor  Oossard  also  is  authority  for  the  statement  that  at  ''Tampa, 
30  to  40  miles  north  of  the  Manatee  section,  the  spring  brood  of 
white  flies  has  in  some  seasons  preceded  their  appearance  about 
Bradentown  and  Manatee  by  two  weeks.''  By  June  18,  1909,  more 
than  twice  as  many  adults  of  the  second  brood  had  emerged  at 
Manatee  as  at  Island  Grove  about  125  miles  north  in  Alachua  County, 
while  by  July  7  of  the  same  year  the  white  fly  in  a  grove  at  Alva  in 
Lee  County  was  no  further  advanced  than  at  Orlando. 

From  the  curve  in  figure  12  it  will  be  noticed  that  there  are  two 
periods  of  about  three  weeks  during  the  smnmer  between  the  broods 
when  adults  are  comparatively  very  scarce.  While  reference  to 
Table  XVII  shows  that  a  few  wintering-over  individuals  continue 
to  emerge  as  late  as  early  May,  the  period  between  the  first  and  sec- 
ond broods  of  adulta  is  exceptionally  free  from  adults  of  the  citrus 
white  fly.  This,  however,  is  not  true  of  the  Uke  period  between  the 
second  and  third  broods  as  before  this  time  the  generations  of  the 
white  fly  have  become  somewhat  confused,  due  to  variation  in  life 
cycle,  and  adults  continue  to  emerge  in  appreciable  numbers  through- 
out the  period. 

In  speaking  of  the  entire  citrus  belt,  including  Florida  and  the 
Gulf  States,  the  greater  part  of  the  spring  brood  may  be  said  to 
emerge  during  March  and  April;  the  second  brood  to  emerge  during 
late  May,  June,  and  July,  and  the  third  brood  during  August  and 
September.  It  should  be  noted  here  that  the  greater  part  of  the 
adult  white  flies  appearing  in  October  and  November  in  the  central 
and  southern  part  of  Florida  are  the  cloudy-winged  white  fly,  A. 
rmbiferay  although  in  the  northern  part  adult  specimens  of  -4.  cUri 
have  been  seen  in  small  numbers  on  the  wing  in  St.  Augustine  as 
IsLpe  as  November  15. 
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THB  OLOUDY-WINQBD  WHTTB  FLY. 

(Aleyroda  nubifan  Beiger.) 
mSTOBT. 

Specimens  of  the  cloudy-winged  white  fly  (eggs,  Iary»,  and  pup») 
in  th^  collection  of  the  Bureau  of  Entomology  show  that  this  species 
occurred  on  oranges  in  the  United  States  as  early  as  1889.  The 
records  in  connection  with  the  specimens  show  that  it  was  collected 
in  Mississippi  and  North  Carolina  in  1889,  in  Louisiana  in  1890,  and 
in  Florida  in  1895.  Outside  of  the  United  States  it  is  known  to  occur 
only  in  Cuba.  Its  introduction  into  the  United  States  from  Cuba 
does  not  seem  as  probable  as  its  introduction  into  Cuba  from  the 
United  States.  At  present  there  is  no  evidence  concerning  the 
probable  origin  of  the  insect  except  in  the  absence,  so  far  as  is  known, 
of  other  food  plants  than  citrus,  which  would  seem  to  indicate  the 
introduction  of  the  insect  with  its  only  known  food  plant.* 

Several  writings  on  the  citrus  white  fly  (Aleyrodes  citri)  have  in  part 
included  the  cloudy-winged  white  fly  (A.  nubifera).  Prof.  H.  A. 
Morgan,*  in  1893,  previous  to  the  publication  of  the  original  descrip- 
tion of  Aleyrodes  cUri,  briefly  described  the  egg  of  Aleyrodes  nuhifera 
and  figured  it,  the  description  of  the  pupa  and  adult  given  at  the 
same  timfe  evidently  being  based  on  specimens  of  A.  citri.  TTie 
species  to  which  Prof.  Morgan  referred  the  specimens  was  Aley- 
rodes citrifolii  Riley  MS.  The  original  description  of  the  citrus 
white  fly,*  while  unquestionably  defining  the  species  generally  recog- 
nized as  A.  citri,  included  in  part  reference  to  what  is  p^bably  the 
cloudy-winged  white  fly.  In  the  text  the  description  of  the  first 
stage  or  instar  of  the  larva  was  evidently  based  on  a  specimen  of  the 
cloudy-winged  white  fly  and  the  illustration  of  the  first  instar^  was 
also  based  on  this  species  with  Uttle  doubt.  One  figure  of  the  pupa  ^ 
and  one  of  the  pupa  case  •  evidently  were  based  upon  specimens  of 
the  same  species.  In  the  writings  of  Prof.  Gossard  there  are  no 
references  in  the  text  which  evidently  refer  to  the  cloudy-winged 
white  fly,  but  what  is  probably  this  species  is  represented  in  an 
illustration  of  the  first  stage.' 

^  Its  recent  diecovery  on  Ficus  ntHdOy  rubber  tree,  in  greenhouBesat  Audubon  Park, 
New  Orleans,  La.,  points  to  its  possible  introduction  from  India. 

^The  Orange  and  Other  Citrus  Fruits.  Special  Bulletin  Louisiana  Agricultural 
Experiment  Station,  p.  72, 1893. 

»  Insect  Life,  vol.  5,  pp.  220-222, 1893. 

*  Id.,  vol.  5,  p.  219,  fig.  23,  d. 

«  Id.,  vol.  5,  p.  219,  fig.  23,  h. 

«  Id.,  vol.  5,  p.  219,  fig.  23,  t. 

7  Bulletin  67,  Florida  A^cultural  Experiment  Station,  pi.  2,  fig.  1.  See  also 
Bulletin  88,  pi.  2,  fig.  1,  and  Bulletin  97,  fig.  11,  Florida  Agricultural  Experiment 
Station,  and  Circular  30,  California  Agricultural  Experiment  Station,  pi.  2,  fig.  1, 
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The  white  fly  known  as  the  cloudy-winged  white  fly  was  first 
determined  as  specificaUy  distinct  from  the  citrus  white  fly  by  Dr. 
E.  W.  Berger  in  1908.  Dr.  Berger  has  recently  given  this  species 
its  scientific  name  in  connection  with  a  synopsis  of  the  principal 
distinctive  characters  and  illustrations  of  egg  and  larval  and  pupal 
stages.^ 

AMOUNT  OF  INJURY  BY  THE   CLOUDY-WINGED  WHITE  FLY. 

The  injury  caused  by  the  cloudy-winged  white  fly  is  at  present 
much  restricted  by  several  factors.  In  Florida  the  distribution  of 
this  species  is  limited  as  compared  with  that  of  the  citrus  white  fly. 
Its-  food-plant  differences  and  adaptations  are  such  that  orange 
trees  ^  are  not  as  a  rule  subject  to  as  heavy  infestations  as  by  the 
citrus  white  fly,  althou^  with  grapefruit  trees  this  situation  is 
usually  reversed.  Most  important  as  a  factor  limiting  the  injury 
from  the  cloudy  winged  white  fly  is  that  when  both  occur  in  an 
orange  grove  the  citrus  white  fly  almost  invariably  predominates 
and  the  cloudy-winged  white  fly  assumes  a  i>osition  of  comparative 
insignificance.  Owing  to  the  difference  in  the  seasonal  history  of 
the  two  species  of  white  fly  this  latter  point  is  not  always  apparent 
to  the  casual  observer.  An  observation  made  between  the  broods 
of  adults  of  the  citrus  white  fly,  or  at  any  time  after  the  middle  of 
September  up  to  December  1,  may  result  in  noting  a  great  pre- 
ponderance of  the  cloudy-winged  white  fly,  leading  one  to  conclude, 
perhaps,  that  it  is  this  latter  species  which  is  causing  the  most  injury. 
An  examination  of  the  leaves  during  the  winter  months,  when  there 
are  practically  no  adults  of  either  *species,  will  probably  show  an 
entirely  different  situation.  In  many  groves  near  Orlando  and 
Winter  Park  in  Orange  Coimty,  Fla.,  both  species  of  white  fly  are 
well  established  and  practically  have  assumed  their  normal  rela- 
tive positions  in  point  of  nimibers.  Examinations  of  leaves  varying 
in  niunber  from  85  to  400  picked  at  random  in  11  of  such  groves 
furnish  data  which  illustrate  the  general  situation  as  regards  the 
importance  of  the  two  species  of  white  fly  under  the  conditions 
mentioned.  (See  Table  XVIII.)  All  the  examinations  were  made 
during  the  winter  months,  using  pupa  cases  and  live  pupae  as  the 
basis  of  the  comparison. 

1  Bulletin  97,  Florida  Agricultural  Experiment  Station,  pp.  68-70,  figs.  12,  14,  16, 
18,  19. 

^  According  to  the  latest  statistics  available  (Ninth  Biennial  Report  of  Conunis- 
fdoner  of  Agriculture,  State  of  Florida)  there  were  more  than  five  times  as  many  orange 
trees  as  grapefruit  in  Florida,  1,786,944  orange  trees  being  reported  for  1905  as  against 
373,008  grapefruit  trees. 
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Tablb  XVIII. — Comparative  abundance  of  Aleyrodee  citri  and  Aleyrodea  nvJbifera  in 
gr(y9e$  infeiUd  h\f  boA  speciei. 
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Owing  to  the  great  attraction  of  new  growth  for  the  cloudy-winged 
white  fly,  which  ia  discussed  elsewhere,  the  scarcity  of  new  citrus 
growth  at  certain  seasons  which  causes  concentration  on  water 
shoots,  and  other  factors,  this  species,  when  it  occurs  by  itself  in  a 
tangerine  or  orange  grove,  does  not  as  frequently  as  the  citrus  white 
fly  cause  noticeable  blackening  of  the  foliage  before  the  middle  of 
June.  At  the  end  of  the  season  the  cloudy-winged  white  fly  by  itself 
may  cause  tangerine  and  orange  trees  to  become  as  heavily  blackened 
with  sooty  mold  as  the  citrus  white  fly  when  the  latter  is  at  its  great- 
est abundance.  As  has  been  stated,  the  cloudy-winged  white  fly  is 
more  likely  to  heavily  infest  grapefruit  trees  than  is  the  citrus  white 
fly.  The  cloudy-winged  white  fly  seems  to  be  subject  to  more  exten- 
sive fluctuations  from  year  to  year,  aside  from  the  effects  of  fungus 
parasites,  than  is  the  citrus  white  fly,  and  frequently  after  infesting 
an  orange  grove  for  several  years  fails  to  cause  enough  injury  to 
make  washing  of  the  fruit  necessary  or  to  make  necessary  the  wash- 
ing of  more  than  one-fourth  or  one-third  of  the  crop  each  year. 

As  a  whole,  the  injury  is  not  as  extensive  in  groves  where  the 
cloudy-winged  white  fly  occurs  alone  as  in  groves  where  the  citrus 
white  fly  occurs  alone.  When  the  two  species  become  well  estab- 
lished, the  former  does  comparatively  little  damage  except  to  grape- 
fruit. The  authors  would  estimate  that  there  are  about  5  per  cent 
of  the  orange  and  tangerine  groves  in  the  State  infested  by  the 
cloudy-winged  white  fly  that  are  not  also  infested  by  the  citrus 
white  fly,  and  that  there  are  in  addition  1  per  cent  of  orange  and 
tangerine  groves  infested  by  both  species  but  in  which  the  citrus 
white  fly  has  not  as  yet  attained  injurious  abundance.  The  average 
damage  from  the  cloudy-winged  white  fly  is  estimated  at  about  10 
to  15  per  cent  lower  for  oranges  where  that  species  alone  infests  the 
grove  than  where  the  citrus  white  fly  is  the  species  concerned.    For 
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injury  to  grapefruit  the  authors  consider  25  per  cent  a  fair  estimate 
of  the  injury  by  the  cloudy-winged  white  fly  as  compared  with  about 
10  or  15  per  cent  by  the  citrus  white  fly.  The  total  loss  in  Florida 
due  to  the  cloudy-winged  white  fly  is  estimated  by  the  authors  at 
between  $100^000  and  $125,000  per  annum  at  the  present  time. 

DISTRIBUTION. 

So  far  as  known  at  the  present  writing  the  cloudy-winged  white  fly 
occurs  in  12  counties  in  Florida.     The  locality  list  is  given  below:* 

Brevard  County:  MimS)  Sharpes,  Titiisville. 
Dade  County:  Miami. 

Hillfiboro   Coimty:  Rivenriew,  Thonotosassa,   Ybor  City,   Clearwater,   Dunedin, 
Largo,  Ozona,  Safety  Harbor,  Saint  Petersburg,  Sutherland. 
Manatee  County:  Bradentown,  Oneco,  Paboaetto. 
Monroe  County:  Key  West. 

Orange  County:  Geneva,  Maitland,  Ocoee,  Orlando,  Oviedo,  Waco,  Winter  Park. 
Palm  Beach  County:  Palm  Beach,  West  Palmbeach. 
Polk  County:  Aubumdale,  Bartow,  Lakeland,  Winterhaven. 
St.  Lucie  County:  Fort  Pierce. 
Sumter  County:  Wildwood. 
Volusia  Coimty:  Haw  Creek,  Holly  Hill,  Port  Orange,  Pierson. 

Outside  of  the  State  of  Florida  the  only  available  records  of  the 
occurrence  of  the  cloudy-winged  white  fly  are  those  of  the  Bureau  of 
Entomology  in  connection  with  specimens  in  the  collection.  Mr. 
A.  L.  Quaintance  has  identified  as  this  species  specimens  from  New 
Orleans  (1890)  and  Baton  Rouge,  La.  (1891),  Pass  Christian,  Miss. 
(1889),  and  Raleigh,  N.  C.  (1889).  In  a  brief  examination  at  Audu- 
bon Park,  New  Orleans,  in  August,  1909,  the  senior  author  was 
'  unable  to  find  any  evidence  of  the  presence  of  this  species,  although 
the  citrus  white  fly  was  prevalent  on  citrus  trees,  privets,  and  other 
food  plants. 

As  stated  in  the  footnote  on  page  27,  the  species  occurring  at 
Bakersfield,  Cal.,  in  1907  was  the  cloudy- winged  white-fly.  Owing 
to  the  fact  that  the  insect  is,  so  far  as  known,  confined  to  citrus  as  a 
food  plant  and  only  a  limited  number  of  these  in  an  isolated  location 
were  infested,  the  thorough  measures  adopted  by  the  agents  of  the 
State  coDMnissioner  of  horticulture  met  with  complete  success,  and 
there  is  no  record  of  this  species  occurring  at  present  in  this  State. 

Its  occurrence  in  Cuba  has  already  been  noted,  specimens  having 
been  received  from  Santiago  de  las  Vegas  in  1905. 

The  distribution  of  the  cloudy-winged  white  fly  in  Florida,  so  far 
as  now  known,  is  shown  in  figure  13.     The  territory^  included  in  the 

1  The  authors  have  determined  as  Aleyrodes  nvhifera  specimens  from  all  of  the 
localities  listed  above  except  the  following,  which  are  listed  upon  the  authority  of 
Dr.  E.  W.  Beiger:  Holly  Hill,  Ybor  City,  Bartow,  Clearwater,  and  Safety  Harbor. 
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infested  area  is  not  generally  infested,  and  the  same  precautioDs 
should  be  observed  within  this  area  as  outside  of  it  to  avoid  unneces- 
sary spread  of  the  pest. 

FOOD  PLANTS. 

The  cloudy-winged  white  fly  ia  not  known  in  Florida  to  breed 
upon  any  other  food  plant  than  citrus.  It  has  recently  been  dia- 
coYered  infesting  the  rubber  trees  {Fieus  nitida)  growing  in  the  green- 
houses in  Audubon  Park,  New  Orleans.  Extensive  examinations 
for  possible  food  plants  have  been  made  by  the  authors  and  bj 
Dr.  Berger,  and  it  is  reasonably  certain  that  no  important  food 

plant  will  be  found 
in  Florida  citrus- 
growing  sections 
which  will  interfere 
with  the  control  <rf 
this  species. 

Examinations  of 
prickly  ash  {Xan- 
ihoxylum  ctava-her- 
culis),  the  most  com- 
mon representative 
of  the  family  Buta^ 
ce©  to  which  the 
citrus  belongs,  indi- 
cate that  this  species 
of  white  fly  never 
breeds  on  this  plant, 
regardless  of  the  con- 
dition  of  infestation  of  neighboring  citrus  trees.  Reports  of  blacken- 
ing of  the  f  oUage  of  prickly  ash  by  the  white  fly  in  sections  where 
only  the  cloudy-winged  white  fly  of  the  two  herein  treated  occurs, 
are  doubtless  erroneous  and  probably  based  upon  the  blackening  due 
to  an  aphis  or  to  some  other  insect.  In  addition  the  following  plants 
have  been  examined  under  favorable  conditions  to  determine  if  sub- 
ject to  attack  by  the  cloudy-winged  white  fly,  but  so  far  without 
results: 

China  trees  and  umbrella  China  trees,  cape  jessamine,  privets, 
Japan  and  wild  persimmons,  oaks,  wild  cherry,  guava,  fig,  grape, 
cherry  laurel,  blackberry,  and  magnolia. 

SPREAD. 

The  dissemination  of  the  cloudy-winged  white  fly  is  limited  by  the 
same  factors  which  have  been  discussed  as  unfavorable  to  the  suc- 
cessful establishment  of  the  citrus  white  fly.    Aside  from  these  factors 
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its  chief  limitation  is  in  its  lack  of  important  food  plants  other  than 
citrus.  Migrations  of  adults  are  not  an  important  factor  in  the  spread 
of  this  white  fly  except  between  adjoining  groves.  Its  spread  through- 
out a  newly  infested  grove  and  to  adjoining  groves  is  perhaps  favored 
by  its  greater  degree  of  attraction  to  new  growth.  It  has  been 
observed  frequently  in  newly  infested  groves  that  it  ia  found  to  be 
present  in  very  small  numbers  over  a  considerable  area,  whereas  the 
citrus  white  fly,  when  at  a  corresponding  numerical  status,  would 
be  expected  to  be  more  localized.  Winds  are  doubtless  concerned 
with  the  spread  of  the  insect  from  local  centers,  but,  as  with  the  citrus 
white  fly,  they  are  evidently  a  factor  of  smaU  consequenpe  in  spread 
to  distant  points. 

Flying  insects  and  birds  as  carriers  of  the  crawling  larvae  are  neces- 
sarily of  Uttle  or  no  consequence  in  the  spread  of  the  cloudy-winged 
white  fly,  as  with  the  species  previously  discussed.  Between  groves 
vehicles  of  various  kinds  are  of  much  importance  in  distributing  this 
white  fly,  as  is  generally  recognized.  Without  doubt  infested  citrus 
nursery  stock  has  been  the  principal  factor  in  the 
spread  of  the  cloudy-winged  white  fly.  Nxirsery 
stock  from  Mims,  Fla.,  is  quite  definitely  known 
to  have  been  the  somtje  of  this  white  fly  at 
Sharpes,  Fla.  At  the  present  time  it  seems  to 
be  the  most  probable  source  of  this  white  fly  at 
Fort  Pierce,  Palm  Beach,  and  Miami. 

The  species  here  considered  are  apparently  as 
likely  to  be  carried  on  the  person  from  an  in-  Fio.i4.-Thecioudy-wiiiged 
fested  grove  as  is  the  citrus  white  fly,  the  degree  JJ^l^^'  (^lu37***^ 
of  infestation  being  equal.  The  same  may  be 
said  of  pickers'  outfits.  The  introduction  of  fungus-infected  leaves 
into  groves  infested  only  by  the  citrus  white  fly  in  connection  with 
the  introduction  of  fungus  parasites  has  doubtless  assisted  in  the 
spread  of  the  cloudy-winged  white  fly,  but  not  to  the  same  extent 
that  this  has  assisted  in  the  spread  of  the  former  species. 

LIFE   HISTORY  AND  HABITS. 
The  Egg. 

The  ^g  (fig.  14)  of  the  cloudy- winged  white  fly  differs  from  that 
of  the  citrus  white  fly  in  that  it  is  not  greenish-yellow  and  highly 
polished,  but  bluish  or  grayish  black  and  roughened  by  a  film  of  wax 
arranged  in  an  hexagonal  pattern.  To  the  unaided  eye  the  eggs 
appear  as  fine  particles  of  blackish  dust  scattered  over  the  leaves 
(PL  X,  fig.  1).  Because  of  their  dark  color  they  are  more  readily 
seen  on  the  tender  citrus  growth  by  the  average  observer  than  are 
the  eggs  of  the  citrus  white  fly.  When  first  deposited  they  are  not 
blackish,  but  are  dull  white  or  cream  colored  and  under  the  micro- 
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scope  the  waxy  coating  appears  tinged  with  red.  The  ^gs  remain 
pale  for  three  days,  when  about  96  per  cent  turn  black,  the  rest  taking 
sometimes  as  long  as  seven  or  eight  days  to  darken.  Meanwhile  the 
waxy  coating  has  turned  gray.  Because  of  the  dark  color  and  much 
tougher  chorion,  the  eyes  of  the  embryo  are  not  as  easily  seen  as  are 
those  of  the  citrus  white  fly.  The  eggs  are  attached  to  the  leaf  by  a 
pedicel  arising  from  the  proximal  end  similar  to  that  of  A.  citri. 

A  study  of  the  contents  of  Tables  VUI  and  XTX  will  prove  that 
what  has  been  said  of  the  diu*atioD  of  the  ^g  stage,  variability  under 
identical  temperature  conditions,  and  effect  of  temperature  in  gen- 
eral, regarding  the  citrus  white  fly,  applies  almost  equally  well  to  this 
species. 
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The  duration  of  the  egg  stage,  however,  is  in  general  slightly  longer. 
As  the  bulk  of  the  eggs  hatch  from  1  to  10  days  later,  a  slightly  higher 
number  of  degrees  of  accumulated  effective  temperature  are  neces- 
sary, and  hatching  is  more  evenly  -distributed  though  not  always 
extending  over  a  larger  number  of  days. 

The  process  of  hatching,  proportion  of  eggs  that  hatch,  and  the 
effect  of  drying  of  leaves  in  hatching  do  not  appreciably  differ  from 
what  has  been  stated  of  A.  citri;  in  hatching,  however,  the  egg  mem- 
branes spUt  only  about  one-third  the  length  of  the  egg  from  the  tip 
and  on  one  side  only,  and  on  account  of  the  tougher  chorion  do  not 
shrivel,  but  retain  their  original  form.  Frequently,  after  the  larva 
has  escaped,  the  membranes  spring  back  into  their  original  position, 
thus  causing  the  eggs  to  appear  unhatched;  as  a  rule,  however,  this 
does  not  occur,  and  the  opening  made  by  the 
escaping  larv&  does  not  close.  While  no  adults 
have  yet  been  reared  from  larvae  hatching  from 
infertile  eggs,  it  has  been  proved  that  virgin 
females  of 'the  cloudy- winged  white  fly  will 
deposit  eggs  and  that  these  readily  hatch  and 
produce  healthy  larvae,  and  the  evidence  in 
case  of  the  citrus  and  greenhouse  white  flies 
leaves  no  doubt  that  adults  resyltin^from  in- 
fertile eggs  will  prove  to  be  of  the  male  sex. 

The  LarVal  and  Pupal  Staobs. 
the  labva. 


Fio.  15.— The  doudy-wlngMl 
white  fly:  Ventral  view  of 
OTBwUng  larva  of  the  flrst 
instar.  Greatly  enlarged. 
(Original.) 


The  larva  of  the  cloudy-winged  white  flr 
does  not  differ  in  general  appearance  from 
that  of  the  citrus  white  fly  except  that  it  is 
a  trifle  larger.  With  the  aid  of  the  microscope 
the  first  instar  may  be  separated  from  that 

of  A,  citri  by  the  possession  of  36  instead  of  30  marginal  bristles. 

No  structural'differences  between  the  second  and  third  instars  of  the 

two   species  have  been  discovered.     Following  is  a  more   detailed 

comparative  description: 

First  larval  instar  (fig.  15).— Length,  0.29-0.32  mm. ;  width,  0.19-0.22  mm.  Simite 
to  the  corresponding  instar  of  A,  citri,  but  differing  in  being  proportionately  broader, 
in  possessing  18  instead  of  15  pairs  of  marginal  bristles,  and  in  developing  soon  mfter 
settling  a  marginal  irregular  wax  fringe  eventually  equaling  in  width  the  length  d 
the  marginal  spines.    Relative  length  of  marginal  spines  as  follows: 

Pair        1  2         3         4        5        6        7        8        9 

Spaces    10.5*   7.5*  10.5*  8.5*  7.0*  5.5*   6.0*  5.0*   6.0 
-?^    i5>iL     12      13      14      15       16       17       18 
Spaces    6.0*  6.0*  STO*  6.0*  6.0    6.5*  15.5*  6.5*  15.5 
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The  relative  lengths  and  location  of  other  spinee  of  the  body  do  not  differ  from 
similar  spines  on  A.  eitrif  neither  do  there  appear  differences  in  the  structure  of  the 
antenme,  legs,  vasiform  orifice,  or  mouthparts  when  examined  under  a  one-sixth  inch 
objective.   Particles  of  wax  secretions  are  found  in  varying 
amounts  on  the  ventral  surface,  sometimes  in  such  abun- 
dance as  to  make  microscopic  examinations  difficult. 

Second  larval  instar. — ^Length,  0.42-0.51   nmi.;  width 
0.2S-0.37  mm.     Except  in  point  of  sise  no  differences 

have  been  discov- 
ered between  this 
and  the  correspond- 
ing instar  of  A.  citrx. 
Third  larval  instar 
(fig.  16).— Length, 
0.66-0.9  mm.;  width, 
0.4M).68  mm.  Ex- 
cept in  size  no  differ- 
ences have  been  dis- 
covered between  this 
and  the  correspond- 
ing instar  of  A.  citri. 


Fio.  16.— The  doudy-i 
white  fly:  Ventral  view  of 
onwUng  larva  of  the  thlid 
instar.  Greatly  enlarged. 
(OrlginaL) 


F».  17.— The  doady-wlnged  white  fly. 
Papa:  a,  Ventral  -view;  6,  enlarged  -vail- 
fonn  orifice;  e,  enlarged  margin.  a,Oreatly 
enlarged;  6,  e,  hl|^y  magnified.   (Orlgl- 


THB  PUPA. 


1.) 


In  general  appearance  the  pupa  of 
the  cloudy-wmged  virhite  fly  (fig.  17,  a, 
h,c)  resembles  very  closely  that  of  the 
citrus  white  fly.  No  striking  structural  differences  have  been  dis- 
covered between  them.  They  are,  however,  very  distinct,  and  one  who 
has  examined  them  carefully  can  readily  separate  them  without  the  aid 
of  a  lens.  The  most  important  differences  are 
in  the  larger  size  and  thinner  and  flatter  appear- 
ance of  the  pupa  of  the  cloudy-winged  white 
fly.  The  difference  in  outline  is  shown  in  figs. 
9,  c,  and  17,  c.  Their  skins  are  more  mem- 
branous, making  them  more  delicate  and  easily 
crumpled.  Furthermore,  after  thickening  be- 
fore maturity  they  do  not  develop  the  bright 
red  or  orange  spot  on  the  middle  of  their  backs, 
and  the  wing  pads  and  body  of  the  adult  (fig. 
18)  are  more  easily  seen.  The  pupa  case  (PI. 
Vm,  fig.  3)  is  much  thinner,  more  membranous, 
and  falls  from  the  leaf  more  readily.  Its  walls 
do  not  remain  rigid  as  do  those  of  A.  dtri,  but 
because  of  their  more  delicate  structure  col- 
lapse after  the  emergence  of  the  adult  and  prese^;it  the  crinkled 
appearance  shown  in  the  illustration. 


Fia.  18.— The  doudy-wfaiged 
white-fly:  Dorsal  view  of 
pupa,  showing  adult  inseot 
about  to  emerge.  Greatly 
enlarged.    (Original.) 
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DUSATION  OP  IN8TAB8. 


Larval  instars. — ^By  comparing  the  data  in  Tables  IX  and  XX  it 
will  be  found  that  the  larvae  of  A.  nubifera  are  slower  in  maturing 
than  those  of  A.  diri.  While  this  difference  is  not  so  pronounced 
during  the  warmer  months  of  the  year,  the  total  average  number  of 
days  being  25.9  and  23.1,  respectively,  during  the  cooler  months  it  is 
very  striking,  the  total  average  number  of  days  then  being  56.7  for 
A.  nuhifera,  as  compared  with  30.4  for  A.  cUri.  In  other  respects 
the  statements  made  on  the  duration  o'f  the  larval  instars  for  A.  citri 
apply  to  A,  nubifera. 

Table  XX. — Duration  of  larval  xn$tars  of 'cloudy-winged  white  fly. 


Number  of  days 

Sum  of 

Numbtf  ofdays 

Sum  of 

BpecA- 

Period  of  growth. 

efleo- 
tlve 
tem- 

Speol- 
men 
No. 

Period  of  growth. 

efleo- 
Uve 
tem^ 

In- 

In. 

In- 

In- 

In- 

In- 

star 
1. 

■tar 

2. 

itar 
3. 

css: 

star 
1. 

Star 
2. 

star 
3. 

?sr 

1 

Jiine26-Jalyl0... 

6 

8 

038 

33 

Sept.  30-Nov.  20.. 

15 

28 

1,822 

2 

June  27-July  20.. . 

6 

11 

042 

84 

Sept.  30-Nov.  23.. 

11 

12 

31 

1.401 

8 

Juiie27-July21... 

6 

10 

070 

85 

Sept.30-Deo.20.. 

11 

14 

46 

1.831 

4 

Juxie27-Jiilya6... 

7 

13 

1,170 

86 

Sept.30-l)eo.3... 

10 

37 

1.670 

6 

Juner-JulylO... 

7 

6 

002 

37 

8ept.80-Nov.28.. 

14 

32 

1.401 

« 

June  27-July  21... 

8 

8 

070 

88 

8ept.80-Dec8... 

11 

12 

42 

1.670 

7 

June  27-July  17... 

6 

7 

820 

80 

Sept.  30-Nov.  27.. 

0 

40 

1,513 

8 

June  27-July  10... 

7 

10 

002 

40 

do 

14 

86 

1,513 

9 

June  27-July  20... 

6 

10 

042 

41 

Sept.30-l)eo.3... 

14 

42 

1.670 

10 

do : 

6 

10 

042 

42 

Sept.  80-Nov.  28.. 

11 

34 

1.513 

11 

Juno  27-July  21... 

6 

11 

070 

43 

Sept.8O-Dee.10.. 

15 

48 

1,831 

12 

June  27-July  10... 

6 

0 

002 

44 

Sept.80-Deo.8... 

14 

42 

1,670 

13 

June28-July27... 

14 

8 

7 

1.170 

45 

Oct.2-Dec.7 

10 

0 

47 

1.704 

14 

June28-July20... 

6 

18 

1,260 

46 

Oct.2-Nov.l0.... 

0 

21 

1,000 

15 

June28-July24... 

11 

8 

7 

1.066 

47 

Oct.2-Nov.80.... 

23 

26 

1,524 

16 

June28-July— ... 

21 

48 

Oct.2-Nov.l0.... 

10 

37 

1,235 

17 

June  28-July  10.. . 

6 

••*Y 

"'  *86i* 

40 

do 

12 

27 

1,23S 

18 

June28-July24... 

0 

10 

1.066 

60 

Oot.2-Nov.23.... 

0 

83 

1,332 

10 

Juiie29-July20... 

15 

0 

1.222 

51 

Oct.2-Nov.l0.... 

11 

28 

1,2» 

20 

June29-Ju]y24... 

7 

11 

1.018 

52 

Oct.3-Nov.27.... 

11 

18 

27 

1.414 

21 

June20-July20... 

8 

14 

1.222 

53 

Oct.3-I>ec.8 

10 

17 

35 

1.561 

22 

June30-July30... 

8 

14 

1,220 

54 

Oct.3-Dec.7 

40 

16 

40 

1;663 

23 

June30-July20... 

12 

7 

10 

1.188 

55 

Oct.3-Dec.2 

10 

23 

28 

1.536 

24 

8ept.30-Nov.l... 

10 

18 

012  1 

56 

Oct.3-Dec.l 

10 

15 

35 

1.510 

25 

Sept.  30-Nov.  20.. 

16 

28 

1.322  1 

57 

Oct.3-Dec.8 

11 

20 

33 

1.561 

26 

8ept.3O-Nov.30.. 

12 

12 

88 

i;5e3 

58 

do 

11 

20 

81 

1661 

27 

.....do 

14 

15 

83 

1,503 

50 

Oct.  5-Nov.  11... . 

0 

11 

18 

l.OOO 

28 
20 
30 
31 
32 

Sept.  30-060.8... 
Sept.  30-Nov.  8... 
8ept.30-Dec.3... 
Sept.  30-Nov.  30.. 
Sept.30-Dec.3... 

12 

23 
10 
21 
13 
14 

82 
17 
35 
40 
42 

l.GTO 

1.503 
1,670 

60 

Oct.6-Dec.  10.... 

66 

died. 

Aver- 
age 
age. 

)june25-July80... 
f8ept.80-Dec.lO.. 

8 
0.1 

7.8 
14.4 

lai 

83.3 

1,0IL7 
1.476.6 

Pupal  instar, — ^That  little  difference  exists  between  the  length  of 
the  pupal  stages  of  the  two  species  of  white  fly  in  question  is  shown 
by  a  comparison  of  the  data  in  Tables  X  and  XXI.  The  minimum 
length  of  the  pupal  stage  (17  days)  will  average  but  a  trifle  above 
that  of  A.  citri.  But  the  maximum  length  is  so  dependent  upon  the 
seasonal  history  that  a  direct  comparison  is  diflicult;  this  subject, 
therefore,  is  more  profitably  discussed  imder  the  caption  of  seasonal 
history.*  What  has  been  said  in  connection  with  the  maturing  of 
specimens  of  A,  citri  passing  into  the  pupal  stage  at  practically  the 
same  time  is  equally  true  of  the  cloudy-winged  white  fly,  A.  nubifera. 
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Table  XXI  .—Ihiration  of  pupal  Hage  of  doudy-winged  white  fly. 


SpeOr 
men 
No. 

Period  of  growth. 

Num- 
ber of 
days. 

Sum  of 
effective 
tempera- 
ture. 

Speci- 
men 
No. 

Period  of  growth. 

Num- 
ber of 
dajrs. 

Sam  of 
effective 
tempera- 
ture. 

1 
2 

9 
10 

Ilay24-Jiinell 

lUyakJuneM 

lUy2&-Julyl9 

18 
19 
24 

694 

741 

2,107 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Oct.  12-Mar.  27 

Oct.  31-Mar.  23 

Nov.l-Mar.25 

Nov.l4-May29 

Nov.  20-May  4 

Nov.  23-Mar.  28 

Dec3-Mar.27 

Dec.3-Apr.29 

Dec.  7-Mar.  28 

Dec.  U-Mar.  24 

167 
23 
145 
196 
165 
125 
114 
147 
HI 
104 

8»fi00 
2,893 
2,920 
5,102 
4,318 
2,961 
2,702 
3,662 
2,681 
2,476 

EyM     ..:..!: :::: 

Jolyl6»-Aug.2 

July  18- Aug.  5 

17 
18 
17 
18 
21 
17 

689 
714 
466 
519 
562 
466 

Oct.9-Oct.26 

Oct.  9-Oct.  28       

Oct.  9-Oct.  30 

Oct.9-Oct.26 

1  It  Is  to  be  regretted  that  the  falling  of  the  leaf  upon  which  Nos.  5  and  6  matured  prevented  gathering 
data  on  the  maxfanum  length  of  stage  at  this  season  of  year. 

QBOWTH,  MOLTS,  LOCOMOTION,  AND  FEEDINa  HABfTS. 

Concerning  growth,  molts,  locomotion,  and  feeding  habits,  there  is 
little  to  add  to  that  already  stated  in  connection  with  the  larvae  and 
pupse  of  the  citrus  white  fly.  The  two  species  are  aUke  as  regards 
the  number  of  larval  instars  and  in  their  crawling  and  sedentary 
habits.  Their  manner  of  feeding  is  similar  also,  with  the  exception 
that  when  crowded  the  larv»  of  the  cloudy-winged  white  fly  settle 
freely  upon  the  upper  surfaces  of  shaded  leaves,  where  they  frequently 
reach  maturity. 

MOBTALITT  AMONG  LABVJB  AND  PUPJB. 

Remarks  relating  to  mortality  among  the  larvae  and  pupae  of  the^ 
citrus  white  fly  apply  with  greater  force  to  the  cloudy-winged  white 
fly.  This  mortality  appears  to  result  from  the  same  causes  in  the^ 
latter  as  in  the  former  species,  life-history  work  has  shown  that 
mortality  due  to  spring  droughts  and  dropping  from  leaves  is  prac- 
tically the  same  for  the  two  species,  but  that  general  mortality 
including  ''imexplained''  mortality  is  about  3  per  cent  higher  for 
A.  rmbifera.  In  this  last  respect,  however,  observations  throughout 
groves  where  infestation  is  much  heavier  than  on  leaves  used  in  the 
life-history  work,  and  counts  of  forms  on  leaves  infested  with  both 
species  of  fly,  show  that  the  comparative  susceptibiUty  to  the  influ- 
ences producing  mortality  of  all  kinds  is  often  at  least  twenty  times 
greater  for  A.  nvhifera.  This  greater  susceptibility  appears  to  be 
due  not  only  to  the  more  deUcate  structure  of  the  larvae  and  pupae  and 
their  need  of  more  room  for  development  because  of  their  larger  size, 
but  also  to  the  adults'  habit  of  crowding  the  new  growth  with  eggs 
far  beyond -its  capacity  for  maturing  the  larvae  hatching  therefrom. 

As  may  have  been  inferred  already  from  statements  upon  the  sub- 
ject of  oviposition,  it  is  this  insatiable  desire  of  the  adults  for  feeding 
and  ovipositing  on  new  growth  that  is  a  most  powerful  factor  lead* 
ing  to  the  insect's  control.    While  a  large  amount  of  data  might  heire 
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be  presented  illustrating  the  disastrous  effect  on  the  species  resulting 
from  overcrowding,  the  data  itself  would  diff^  in  no  respect  from 
that  already  presented  under  the  general  consideration  of  A.  diri. 
Nevertheless,  there  is  a  great  difference  in  the  extent  and  practical 
bearing  of  this  mortahty  among  the  inmiature  forms  of  the  two 
species. 

The  Adult. 

The  adult  of  the  cloudy-winged  white  fly  is  similar  to  that  of  the 
dtrus  white  fly,  but  is  at  once  separated  from  it  by  the  dark  spot 
or  shading  on  the  outer  portion  of  the  upper  wings  (PL  X,  fig.  1). 
Except  for  the  further  fact  that  the  female  is  appreciably  more  robust 
the  adults  of  both  species  are  structurally  much  alike.  The  antennie 
of  A.  nvhifera  are  not  as  highly  corrugated  as  those  of  A.  cUri,  but 
possess  a  terminal  spine  over  three  times  as  long  as  that  of  A.  cibrL 
The  eyes  of  A.  nvhifera  are  more  nearly  divided  in  many  instances 
than  those  of  A,  citri^  although  this  is  a  character  subject  to  variation 
in  both  species. 

On  nearly  all  features  of  life  history  and  habits  this  species  dosefy 
resembles  the  citrus  white  fly,  and  these  subjects  are  therefore  dealt 
with  in  a  comparatively  brief  manner.  The  principal  points  wherein 
the  cloudy-winged  white  fly  differs  from  the  citrus  white  fly  may 
be  stated  summarily  as  follows:  It  is  more  closely  restricted  to  citrus 
for  its  food  supply  as  well  as  in  oviposition;  it  shows  a  more  stron^y 
developed  tendency  to  feed  and  deposit  eggs  on  new  growth;  its 
arrangement  of  eggs  and  preferences  for  certain  sections  of  leaves 
for  ovipositing  are  characteristic,  and  it  is  slightly  less  prolific.  Its 
apparent  restriction  to  citrus  as  a  food  plant  has  been  discussed  under 
the  subject  of  "Food  plants."  Its  strong  preference  for  new  growth 
results  in  a  situation  which  can  be  taken  advantage  of  in  the  con- 
trol of  the  pest  by  the  pruning  of  water  shoots. 

The  age  at  which  oviposition  b^^ins  and  the  activity  in  oviposition 
during  different  parts  of  the  day  are  the  same  as  for  A.  dtri.  Hie 
females,  however,  when  not  abundant  deposit  more  readily  along  ihib 
outer  margin  of  the  under  surface  of  the  leaf  and  along  the  edge 
and  upper  siuf ace,  and  not  so  freely  along  the  midrib  as  is  tiie  case 
with  A.  dtri.  Not  infrequently  90  per  cent  of  the  eggs  will  be 
deposited  on  the  outer  portion  of  the  leaf  while  many  are  laid  on  the 
edge  of  the  leaf  itself,  from  which  they  often  project  perpendicularly. 
The  depositing  of  eggs  on  the  leaf  margin  and  on  the  upper  surface 
is  peculiar  to  A.  wuhifera  and  is  not  the  result  of  overcrowding.  A 
count  of  4,000  eggs  on  nine  moderately  infested  leaves  showed  that 
8.1  per  cent  of  the  e^s  were  laid  on  the  edge  of  the  leaf,  86.8  per  cent 
on  the  lower  siuface,  and  5.1  per  cent  on  the  upper  surface.  When 
adults  are  very  numerous  both  surfaces  of  the  leaves  of  tender 
growth  and  the  petioles  and  shoot  stems  are  thickly  covered  with 
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Plate  X. 


The  Cloudy-Winged  and  Citrus  White  Flies. 

Fig.  1.— Adults  of  the  cloudy-winged  white  fly.  A.  nitbffem.  showing  cloud  or  spot  at  tip  of 
wings,  and  many  eggs  scattered  about.  Fig.  2.— L»irvfe  and  pupae  of  both  the  citrus  white 
fly  and  the  cloudy-winged  white  fly  killed  by  fumigation.  During  life  they  are  neHxly  trans- 
parent and  seen  only  with  dlfllculty.    Note  eggs  of  A,  citri  along  midrib.    (Original.) 
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While  the  citrus  white  fly  deposits  her  ^gs  without  any 
definite  arrangement;  the  cloudy-winged  white  fly,  like  many  other 
species  of  Aleyrodes,  very  frequently  lays  hers  in  arcs  of  various  sizes, 
and,  as  she  is  less  restless  while  feeding,  has  a  tendency  to  deposit 
her  ^gs  in  groups.  This  arrangement,  together  with  the  difference 
in  color,  makes  easy  the  separation  of  the  two  species. 

Beference  to  the  data  in  Table  XXII,  eq>ecially  when  compared 
with  that  in  Table  XII,  shows  that  the  daily  rate  of  oviposition  for 
the  cloudy-winged  white  fly  is  slightly  less  than  for  the  citrus  white 
fly.  As  much  of  the  data  in  Table  XXII  was  obtained  before  typical 
summer  weather  had  set  in,  it  is  of  more  value  as.  demonstrating  the 
relative  rate  of  oviposition  between  the  two  species. 

Tablb  XXII. — Daily  rate  of  oviposition  of  A.  nuhifefa  and  A,  cUri  compared. 


Reo. 
ord 
No. 

^^ 

Dar»> 
tionof 

la^g. 

Number  of 

females 

of- 

Number  of  eggs 

Average  number 

eggs  per  female 

per  24  hours 

laidby- 

ATeiaga 

mean 
temper*. 

ture. 

atri. 

Nublfera. 

Citri. 

Nublfera. 

Citri. 

Nublfera. 

1 

2 

3 

Apr.  20-21,1900 
Apr.  21-22,1900 
.....do 

Btmrt, 
23 
24 
24 
48 
48 
24 
24 

50 
40 

'"36" 

45 
44 

16 
36 
26 
79 
150 

454 

406 

"866" 

345 
482 

•  200 
662 
516 
840 

1,558 

9.4 

lai 

8 

9.8 
12.5 
9.2 
9.9 

ia8 
ia4 

•2 

80 
78 
80 
82 
82 

4 

6 

6 

7 

Apr.  22-24,1009 
Apr.  24-26,1909 
Jniie  16-17, 1909 
July  16-17,1907 

The  number  of  ^ggs  deposited  by  single  females  has  not  been 
definitely  determined.  However,  as  experiments  have  shown  that 
adults  of  A.  mMfera  are  capable  of  hving  as  long  as  those  of  A.  ciiri 
and  have  been  known  to  maintain  unimpaired  an  average  of  about 
1  egg  per  day  less  than  A.  dtri  for  at  least  seven  days,  it  is  safe  to 
say  that  the  maximum  egg  laying  capacity  is  not  far  from  200. 

When  all  food  plants  other  than  citrus  are  eliminated,  the  remarks 
covering  the  relation  between  oviposition  and  food  supply  for  A. 
citri  hold  for  A.  nvbifera,  with  the  exception  that  oviposition  with 
the  latter  species  is  far  more  dependent  upon  new  growth.  This 
last  fact,  as  discussed  under  mortaUty  of  larvsB  and  pupsB  due  to 
overcrowding,  has  a  most  important  bearing  on  the  control  of  this 
species. 

After  a'grove  has  been  well  infested  with  the  cloudy-winged  white 
fly  there  exists  the  same  high  percentage  of  females  as  recorded 
under  the  same  l;opic  for  A.  citri.  In  fact,  the  same  pcoportions  of 
sexes,  and  the  same  fluctuations  and  dependence  of  sex  on  partheno- 
genesis, are  found  to  occur  with  A.  nvhifera.  A  typical  example  is  the 
condition  found  in  one  grove  infested  entirely  by  this  species.  Dur- 
iog  the  stunmer  preceding  winter  fumigation  the  ratio  between 
females  and  males  was  71.4:  28.6  per  cent.    After  fumigation,  when 
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over  99  per  cent  of  the  cloudy-winged  white  fly  were  killed,  the 
females  of  the  spring  brood  were  so  very  few  in  number  and  so  scat- 
tered that  they  deposited  a  very  large  percentage  of  infertile  eggs, 
resulting  in  a  second  lm>od  in  September,  62.8  per  cent  of  which  were 
males.  In  other  words,  after  the  natural  equilibrium  between  sexes 
had  been  disturbed  by  fumigation,  there  foUowed  as  the  result  of 
parthenogenesis  a  decided  fluctuation  between  a  predominance  of 
females  in  one  and  of  males  in  the  following  generations.  GraduaUy 
this  fluctuation  diminishes  until  normal  conditions  obtain. 

While  less  attention  has  been  given  the  problems  connected  with 
the  emei^ence  of  this  species,  observations  have  shown  that  the 
process  and  time  required  for  emergence  and  the  changes  in  color 
occurring  thereafter  are  the  same  as  for  the  citrus  white  fly,  with  the 
exception  of  the  cloud  at  the  tip  of  the  wing  already  mentioned. 
Statements  made  concerning  the  conditions  favorable  and  unfavor- 
able for  the  emergence  of  the  citrus  white  fly  hold  for  this  species. 
An  examination  of  the  extensive  daily  emergence  records  on  file  and 
smnmarized  in  Table  XXTTT  show  that  even  during  October  and 
early  November  emergence  did  not  occur  below  an  average  daily 
mean  temperature  of  62^  F.  The  emergence  occurring  later  in  the 
fall,  and  consequently  Spring  cooler  weather,  does  not  appear  to  be 
due  to  more  resistance  to  cold,  but  to  a  difference  in  seasonal  history. 

Lbnoih  op  Life  Ctclb. 

From  a  study  of  the  length  of  the  egg,  larval,  and  pupal  stages 
already  given  one  can  obtain  an  accurate  knowledge  of  the  length 
of  the  life  cycle.  A  general  summary  of  the  data  ab^ady  presented 
in  connection  with  these  various  stages  is  presented  in  Table  XXIII. 

'  Table  XXIII. — Length  of  life  cycle  ofclowdy-wingedwhiUfiy  at  Orlando,  Fla, 


Lot 
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^1 
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If 
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111 

III 


No.l.. 
No.  2. 
No.  3. 
No.  4. 
No.  6. 
No.  6.. 
No.  7. 
No.  8. 
No.  9. 


Apr.  20 
June  16 
Aug.  23 
Sept  4 
Sept.  18 
Sept.  21 
Oct.  2 

...do 

Oct.  22 


Jane  10 
Aug.  2 
Oct.  14 
Oct  23 
Mar.  22 
Mar.  25 
Mar.  18 
Mar.  20 
Mar.  21 


Oct.  31 
Nov.  1 
0 
0 
0 
0 
0 


Mar.  20 

..do 

Mar.  22 
Mar.  25 
Mar.  18 
Mar.  20 
Mar.  21 


May  16 

Apr.    1 
May     5 

May  20 


Apr.    9 


334 


160 


64.7 
26.8 
0 
0 
0 
0 
0 


35.8 
73.2 

100 

100 

100 

100 

100 


1,890 
1,849 
1,890 
1,693 
4,650 
4,638 
4,006 
4,073 
3,549 


5,205 
4,706 
4,650 
4,638 
4,006 
4,073 
3,549 


7,062 
5,055 
5,915 
6,318 


4,066 


It  will  be  noted  that  47,  the  least  number  of  days  required  for 
development,  is  but  slightly  higher  than  the  minimum  for  A.  citrij 
even  during  most  favorable  weather  conditions.     The  greater  average 
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number  of  d^js  required  for  development,  shown  especiallj  by  com- 
parisons of  lots  1,  3,  6,  and  7  of  Table  XXIII  and  lots  4,  5,  14,  and 
15  of  Table  XV,  is  not  the  result  of  chance  circumstances,  but  actually 
the  result  of  slower  general  development  under  identical  conditions. 
This  fact  is  perhaps  more  forcibly  brought  out  by  the  data  in  Table 
XXIV: 

Table  XXIV. — Rate  of  development  of  A,  eUri  and  A.  nubifera  compared. 
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Date. 
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2. 
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8.0 

P.et, 

88.3 
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0 

0 

1.6 

02.0 

60.4 

4.3 

2.4 

.0 

0 

0 

0 

0 

P.d. 

0 

1ft.  2 

80.8 

86.1 

30.6 

6.1 

0 

0 

0 

40.0 

90.7 

17.3 

1.9 

1.9 

0 

0 

0 

P.ct. 

0 

0 

0 

9.0 

76.7 

93.9 

100.0 

6' 

0 

0 

4.4 

80.3 
97.1 
98.1 
100.0 
100.0 

P.cC 

77.9 

6.9 

1.4 

0 

0 

0 

0 

99.6 

86.8 

3.9 

3.8 

1.8 

0 

0 

0 

0 

0 

P.et. 

22.1 

93.1 
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8.1 

ft.  9 

.8 

0 

.4 

64.2 

96.0 

48.8 

20.9 

3.3 

0 

0 

0 

0 
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0 

1.0 

67.8 

91.1 

62.3 

32.  ft 

14.9 

0 

0 

1.1 

48.3 

78.4 

90.0 

28.2 

12.7 

4.2 

0 

P.et. 
0 

JoSS^ 

0 

Jo5&                                      ..      . 
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July  iJ;:::. :.::.. :::::.:.; 

0.S 

Jllly21 

31.9 

jS&S:::::::::::::::::::;::::::::::: 

76.7 

Jaly». 

86.1 

Octobers 

0 

Oetobcrll 

0 

October  1ft 

0 

Octobcr23 

0 

October  81 

1.8 

Noremberll 

6.6 

OeecmbcrS 

71.8 

Dewinber  7 

87.3 

^^*Minberl7 

95.8 

December  36 

100.0 

In  this  table  is  shown  the  corresponding  progress  of  growth  of 
both  species  on  various  dates  after  egg  deposition.  The  data  con- 
cerning development  during  July  refer  to  larvae  hatching  from  eggs 
laid  on  Jime  16,  1909,  and  that  during  October,  November,  and 
December  to  larvae  hatching  from  eggs  deposited  on  September  18, 
1909.  For  these  records,  leaves  on  the  same  shoot  were  chosen  for 
deposition  of  the  eggs  of  each  species;  hence  both  species  were  subject 
to  identical  climatic  and  nutritive  conditions. 

A  study  of  the  data  in  Tables  X  and  XXI  will  also  prove  that  the 
same  statements  made  for  ^.  citri  concerning  the  equalizing  effect 
of  winter  on  the  length  of  the  pupal  stage  for  wintering-over  pupae 
are  equally  true  for  A.  rmbifera.  The  data  show  at  a  glance  that 
eggs  deposited  in  late  October  are  capable  of  producing  adults  the 
following  spring  as  early  or  even  earUer  than  eggs  deposited  a  month 
or.  as  sometimes  occurs,  five  months  earUer. 

SEASONAL  HISTORY. 

Gbnbrations  or  the  Oloxtdt-winoed  White  Flt. 

Aside  from  the  fact  that  the  adults  of  this  species  have  never  been 
seen  by  the  authors  on  wing  during  January  and  early  February,  as 
have  those  of  A.  citri,  there  being  therefore  no  winter  generation 
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corresponding  to  that  of  A,  eitri,  the  statements  made  regarding  the 
number  of  annual  generations  of  A.  cUri  is  true  of  A.  nubifera  when 
the  additional  statement  is  made  that  the  height  of  the  various 
emergence  periods  occurs  usually  about  two  or  four  weeks  later  than 
the  corresponding  periods  for  A.  eitri.  The  emergence  of  adults 
brings  about  the  same  complications  in  broods  and  generations 
described  for  A.  citri,  resulting  from  variation  in  length  of  life  cycle, 
and  the  double-brooded  character  of  each  generation  is  also  to  be 
f9und  in  the  life  history  of  A.  nvhifera.  Of  eggs  laid  August  23, 
1907,  1.5  per  cent  produced  adults  between  October  1  and  15  and  63.2 
per  cent  between  October  16  and  31 ;  of  the  remaining  pupae  wintering 
over,  34.6  per  cent  emerged  between  March  16  and  30  and  0.7  per  cent 
between  April  1  and  15.  From  eggs  laid  September  4, 1907, 24  per  cent 
of  the  adults  emerged  between  October  16  and  31, 2.8  per  cent  between 
November  1  and  15,71.8  per  cent  between  March  1 6  and  30,  and  1 .4  per 
cent  between  April  1  and  15.  From  eggs  laid  September  18, 1908, 81.6 
per  cent  of  the  adults  emerged  between  March  16  and  30,  4.1  per  cent 
between  April  1  and  15,  10.2  per  cent  between  April  16  and  30,  and 
4.1  per  cent  between  May  1  and  15.  From  eggs  deposited  March  29, 
1909,  44.5  per  cent  emerged  between  June  1  and  15,  no  further  records 
being  kept. 

It  might  be  inferred  from  the  slower  development  of  A.  nubifera 
that  it  would  pass  through  a  less  number  of  annual  generations  than 
A,  citri.  This,  however,  is  not  true,  inasmuch  as  its  slower  develop- 
ment is  offset  by  its  seasonal  history — it  remaining  active  later  in 
fall  and  early  winter. 

Seasonal  Fluctuations  in  the  Number  op  Adults  or  So-called  "Broods." 

Because  the  generations  of  the  cloudy-winged  white  fly  are  of  the 
same  general  double-brooded  character  as  those  of  the  citrus  white 
fly,  and  are  subject  to  the  same  unexplainable  variation  in  the 
length  of  the  life  cycle,  the  seasonal  history  of  A.  nubifera  is  not 
unlike  that  of  A,  citri  in  nearly  all  essential  features.  In  fact,  the 
same  three  periods  of  general  emergence  of  adults  occur  as  with  A, 
citri,  but  with  the  difference  that  tte  adults  of  each  so-called  "brood" 
reach  their  numerical  maximum  usually  from  two  to  four  weeks 
later  than  the  corresponding  broods  of  A.  dtri.  In  figure  19  are 
given  curves  representing  the  abundance  of  adults  of  A.  citri  and  A. 
nvhifera  at  Orlando  during  1909.  As  a  result  of  this  striking  differ- 
ence in  the  seasonal  history  of  these  two  species,  previous  observa- 
tions on  this  subject  are  considerably  confused  and  should  be  disre- 
garded unless  one  is  positive  of  the  species  under  consideration  at  the 
time.  As  with  A.  dtri,  no  one  definite  statement  can  be  made  to 
cover  the  exact  time  when  the  emergence  of  various  broods  will  b^;in. 
Emergence  is  strongly  influenced  by  local  weather  conditions.  While 
the  curve  in  figure  19  represents  the  condition  in  one  Orlando  grove 
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in  1909;  it  is  not  meant  to  represent  the  abundance  of  adults  in  any 
other  grove  in  that  city,  much  less  in  groves  in  various  parts  of  the 
State.  The  same  variation  in  neighboring  groves  in  the  same  county 
and  in  a  lesser  degree  in  different  trees  in  the  same  grove  occurs  with 
A,  nubiferaj  and  this  statement  apparently  holds  for  infested  groves 
in  any  part  of  the  State.  For  example,  groves  at  Dunedin  and 
Sutherland,  in  1909,  showed  a  difference  of  at  least  10  days  in  the 
beginning  of  the  active  spring  emergence  of  adults. 

The  most  striking  diflference  in  the  seasonal  history  between  A. 
citri  and  A.  nuhifera  which  perhaps  attracts  most  general  attention 
and  leads  to  more  confusion  between  the  two  species  in  the  minds  of 
many  is  the  much  later  appearance  of  adults  of  A,  nuhifera  in  the  fall 
of  the  year.  The  last  large ''  hatching"  of  A,  citri  is  on  a  rapid  decUne 
at  Orlando  by  the  middle  of  September  at  the  latest,  while  that  of  A. 
nuhifera  at  that  time  is  only  approaching  its  maximum  and  lasts  well 
toward  the  Ist  of  November,  when  its  decline  is  rapid,  although 
adults  can  be  found  during  moderately  warm  falls  as  late  as  the  mid- 
dle of  December.     Thus  at  Orlando  in  October  18,  1907,  when  adult 
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Fio.  19.— Diagram  showing  relative  abundance  of  the  adults  of  Aleyrodes  nubifera  and  A,  eUri, 
throughout  the  year  1909»  at  Orlando,  Fla.    (Original.) 

A.  dtri  were  practically  off  the  wing  and  a  large  portion  of  the  imma- 
ture stages  of  A.  citri  had  already  reached  the  pupal  stage,  note  was 
made  that  adults  of  A.  nuhifera  were  appearing  in  numbers  and  that 
pupse  of  A.  nuhifera  were  rapidly  developing  eyespots  on  certain 
growths,  and  that  new  growth  in  places  was  crowded  with  ovipositing 
adults. 

In  consequence  of  the  difference  between  the  time  of  appearance 
of  these  fall  broods,  the  immature  stages  of  A.  citri  have  largely 
reached  the  pupal  stage  and  are  prepared  to  winter  over  by  the  last 
of  October.  At  this  time  females  of  A.  nubifera  are  crowding  the 
limited  new  growth  with  large  numbers  of  eggs,  and  by  far  the  larger 
proportion  of  this  species  will  be  found  in  the  egg  and  larval  stages 
up  to  the  jniddle  of  December,  and  in  a  few  instances  third-instar 
larv8B  may  be  found  as  late  as  the  middle  of  February.  It  will  be 
seen,  therefore,  from  this  and  the  foregoing  data  that  there  is  no 
time  during  the  season,  except  for  about  two  months  before  spring 
emergence  first  sets  in,  that  all  stages  can  not  be  found  in  the  grove 
in  varying  degrees  of  abundance. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agriculture, 

Bureau  of  Entomology, 
Washington,  D.  (7.,  December  22,  1910. 
Sm:  I  have  the  honor  to  transmit  herewith  for  publication  a  manu- 
script entitled  **The  Sugar-Cane  Insects  of  Hawaii,"  by  Mr.  D.  L. 
Van  Dine,  recently  a  special  agent  of  this  Bureau,  and  for  several 
years  entomologist  of  the  Hawaii  Agricultural  Experiment  Station. 
The  manuscript  includes  a  discussion  of  the  present  status  of  the 
sugar  industry  of  the  Hawaiian  Islands  and  treats  of  the  principal 
insect  enemies  to  this  important  industry,  which  is  rapidly  assuming 
large  proportions  in  our  Southern  States  owing  to  the  increased 
acreage  which  is  being  planted  to  cane^    I  would  recommend  its 
publication  as  Bulletin  No.  93  of  the  Bureau  of  Entomology. 
Respectfully, 

L.  O.  Howard, 
Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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PREFACE. 


The  acreage  devoted  to  sugar-cane  culture  in  the  southern  United 
States  has  increased  rapidly  in  recent  years.  Some  of  the  cotton 
lands,  abandoned  because  of  the  depredations  of  the  cotton  boll 
weevil,  are  being  planted  to  cane.  New  lands  are  being  planted  to 
the  crop  in  the  Rio  Grande  valley  and  in  the  reclaimed  areas  in  the 
lower  Mississippi  valley.  It  is  stated  that  quite  an  area  of  land 
in  process  of  reclamation  in  the  State  of  Florida  will  be  planted  to 
sugar  cane.  It  is  desirable  that  the  experience  obtained  through 
investigations  of  insects  injurious  to  sugar  cane  in  the  Hawaiian 
Islands  be  placed  at  the  disposal  of  the  planters  in  our  Southern 
States  in  order  that  the  sugar  industry  in  those  States  may  receive 
practical  benefit  therefrom. 

The  Hawaiian  planters  are  well  provided  with  expert  advice  and 
have  at  hand  numerous  reports  dealing  with  the  subject,  which  latter, 
unfortunately,  are  not  available  for  general  distribution.  This  report 
is  written  primarily,  therefore,  for  the  information  of  our  mainland 
planters. 

Acknowledgment  should  be  made  of  the  courtesies  extended  to 
the  writer  by  the  members  of  the  entomological  staff  of  the  Hawaiian 
Sugar  Planters'  Association  Experiment  Station  during  his  return 
visit  to  the  Hawaiian  Islands  in  March  and  April,  1909. 

D.  L.  Van  Dine. 
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LOCATION  AISTD  GLIKATE  OF  THE  HAWAIIAV  ISLANDS. 

The  mid-Pacific  Territory  of  Hawaii  (see  Plate  I)  is  situated  2,100 
miles  to  the  southwest  from  San  Francisco,  the  California  coast 
being  the  nearest  continental  area.  The  islands  are  separated  by- 
channels  varying  from  20  to  58  miles  in  width.  The  8  inhabit- 
able islands,  Hawaii,  Maui,  Oahu,  Kauai,  Molokai,  Lanai,  Kahoolawe, 
and  Niihau,  lie  between  18°  54'  and  22°  15'  north  latitude;  that  is, 
the  northern  limit  of  the  islands  is  just  witJiin  the  Tropics.  The 
climate  of  the  entire  group  is,  however,  only  subtropical,  due  largely 
to  the  prevailing  northeasterly  trade  winds,  the  cool  ocean  currents 
from  the  north,  and  the  relatively  low  humidity.  The  temperature 
varies  according  to  the  altitude  and  the  location  of  the  land  as 
regards  the  higher  mountains.  The  formation  of  the  islands  is  of 
recent  volcanic  nature,  \dth  the  exception  of  the  low-l}dng  coastal 
plains,  which  are  of  coral  origin. 

The  annual  maximum  temperature  ranges  from  88°  to  90°  F., 
while  the  annual  minimum  temperature  recorded  ranges  from  52°  to 
58°  F.  A  temperature  of  29°  F.  has  been  recorded  at  an  altitude  of 
6,685  feet,  and  freezing  temperatures  are  of  frequent  occurrence  at 
these  high  altitudes.  The  rainfall  varies  in  amount  with  the  locaUty. 
Places  witliin  a  few  miles  of  each  other  are  known  to  differ  more  than 
100  inches  in  average  annual  rainfall.  The  sides  of  the  islands 
exposed  to  the  northeast  trade  winds  have  abundant  rains,  while  the 
opposite  sides  have  Uttle  and  some  locahties  hardly  any. 

The  soils  of  the  islands  are  exceedingly  fertile  and  when  properly 
cultivated  yield  abundant  crops. 

THE  SUGAE  IFDUSTEY  DT  HAWAII.  ' 

The  production  of  sugar  is  the  leading  industry  in  the  Hawaiian 
Islands.  Sugar  cane  is  grown  on  four  of  the  islands.  The  island  of 
Hawaii  has  the  largest  acreage  devoted  to  cane,  Oahu,  Maui,  and 
Kauai  coming  next  in  importance  in  the  order  n^med.  There  are 
more  than  200,000  acres  planted  to  cane  in  the  islands.  In  1908 
521,000  tons  of  raw  sugar  were  produced,  having  a  value  of  more 
than  $40,000,000.  The  average  3deld  of  sugar  per  acre  is  4^  tons. 
83327**— Bull.  93—11 2  9 
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The  plant  crop  is  taken  off  20  to  22  months  from  the  time  of  plant- 
ing, and  the  first  ratoon  or  stubble  is  harvested  18  to  20  months 
later.  The  second  ratoon  usually  goes  18  months  again  before 
it  is  ground.  Sometimes  a  ''short  ratoon"  crop  is  made,  in  which 
case  the  cane  runs  about  14  months.  The  time  given  for  growth 
depends  on  the  maturity  of  the  cane,  which  in  turn  is  governed  by 
the  location  and  altitude  of  the  land.  To  some  extent  also  the  time 
of  harvest  is  governed  by  the  labor  supply,  factory  conveniences  for 
taking  off  and  grinding  the  crop,  and  the  need  of  land  for  planting. 

The  sugar  industrj^  in  Hawaii  was  placed  on  a  basis  to  insure  its 
becoming  the  leading  industry  by  the  reciprocity  treaty  of  1876 
between  the  United  States  and  the  Hawaiian  Government,  the  latter 
at  that  time  being  an  independent  monarchy.  The  effect  of  this 
treaty  in  removing  the  duty  on  raw  sugar  exported  to  the  United 
States  was  to  increase  American  influence  in  the  islands  and  to 
strengthen  the  commercial  relations  between  the  two  countries.  A 
second  great  factor  tn  the  development  of  the  sugar  industry  was  the 
annexation  of  the  islands  as  a  Territory  of  the  United  States  by  an 
act  of  Congress  passed  July  7,  1898,  by  mutual  agreement  between 
the  two  countries,  Hawaii  at  that  time  having  overthrown  the  mon- 
archy and  become  a  repubhc.  Annexation  insured  a  free  and  pro- 
tected market  to  the  sugar  output  of  the  islands  and  gave  confidence 
for  the  investment  of  capital.  This  is  of  prime  importance,  as  the 
production  of  sugar  in  the  islands  is  on  a  corporation  basis  and  any 
disturbance  in  the  market  is  felt  at  once  by  every  plantation  in  the 
Territory. 

Fundamental  factors  that  have  attended  the  development  of  the 
sugar  industry  are  the  equable  chmate  of  the  islands,  the  natural 
productiveness  of  the  soil,  the  resources  of  water  for  irrigation  pur- 
poses, and  the  immunity  from  the  more  serious  depredations  by 
insects  and  diseases  that  retard  the  development  of  agricultiu^l 
resources  in  less  fortunate  parts  of  the  world.  Further,  there  is  to 
be  found  in  Hawaii  a  class  of  progressive  business  men  who  have 
developed  immense  irrigation  schemes,  made  use  of  the  most  modem 
agricultural  and  factory  machinery,  inaugurated  advanced  methods 
of  cultivation,  fertihzation,  and  irrigation,  and  united  their  interests 
in  a  cooperative  association. 

Tlus  organization,  the  Hawaiian  Sugar  Planters'  Association,  has, 
since  April,  1895,  maintained  a  private  experiment  station,  where 
important  researches  have  been  made  and  valuable  results  obtained. 
The  work  has  apphed  to  varieties  and  seedUngs,  propagation,  culti- 
vation, irrigation,  the  use  of  fertiUzers,  and  the  manufacture  of 
sugar.  These  investigations,  together  with  the  perfection  of  factory 
methods  and  field  machinery,  have  brought  the  sugar  industry  of 
the  islands  to  the  high  standard  it  holds  among  the  sugar-producing 
countries  of  the  world. 
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STTGAB-CAVE  DTSECTS. 

The  advent  of  a  serious  pest  into  the  Hawaiian  sugar-cane  fields, 
the  sugar-cane  leafhopper  (PerhinsieUa  saccTiaricida  Kirk.),  between 
1900  and  1902  and  the  widespread  injury  of  this  insect  throughout 
the  sugar-cane  districts  in  1903  led  to  the  establishment  of  an  ento- 
mological division  in  the  Sugar  Planters'  Experiment  Station  in 
September,  1904.  In  this  division  detailed  studies  have  been  made 
of  the  species  of  insects  occurring  in  the  Hawaiian  cane  fields,  the 
investigations  relating  particularly  to  the  leafhopper  and  its  natural 
enemies. 

Koebele  ^  has  earlier  discussed  the  sugar-cane  insects.  Up  to  the 
time  of  the  leafhopper  invasion  the  sugar-cane  borer  ([SpJienophorus] 
Rhabdocnemis  ohscurus  Boisd.)  was  the  most  injurious  species.  The 
sugar-cane  aphis  (Aphis  sacchari  Zehntner),  the  sugar-cane  mealy-bug 
{Pseudococcus  calceolarise  Maskell),  the  leaf-roller  (Omiodes  accepta 
Butler),  cutworms,  and  certain  other  pests  occurred  locaUy,  but  up 
to  this  time  no  detailed  study  of  their  injury  had  been  made. 

An  insect  enemy  of  sugar  cane  has  exceptional  advantages  for 
development  in  the  Hawaiian  Islands.  Approximately  only  one- 
half  the  total  area  is  harvested  at  any  one  time.  Thus  the  great 
extent  of  the  plant  gives  an  abundant  supply  of  food,  while  the  system 
of  croppmg  provides  a  continuous  supply.  These  conditions, 
together  with  the  even  climate,  favor  the  uninterrupted  breeding 
of  any  enemy  of  the  plant.  A  further  factor  in  the  undue  increase 
of  the  cane-feeding  insects  is  the  impetus  to  development  arising 
from  the  absence  of  the  special  parasitic  and  predaceous  enemies 
of  the  plant-feeding  species.  The  abse^nce  of  natural  enemies  is 
understood  when  it  is  known  that  the  islands  are  isolated  from  all 
continental  areas  and  that  the  economic  plants  are  introduced  forms 
for  which  the  native  flora  has  made  way,  carrying  with  it  the  endemic 
species  of  insects,  while  the  insect  enemies  of  a  cultivated  plant  are 
of  foreign  origin,  introduced  into  the  islands  with  their  host  plant 
but  without  their  natural  enemies.  These  very  facts,  together  with 
the  almost  total  absence  of  secondary  parasites  as  a  group  and  the 
opportunity  of  eliminating  them  when  introductions  are  made, 
furnish  ideal  conditions  for  the  introduction  and  establishment  of 
special  parasitic  insects.  The  greatest  factor  in  the  successful 
establishment  of  a  special  parasite  is  the  absence  of  the  secondary 
parasites  of  which  it  is  the  host.  One  can  understand  why  emphasis 
has  been  placed  on  the  use  of  natural  enemies  in  the  control  of 
injurious  species  in  Hawaii  and  why  also  greater  success  has  been 

<> Hawaiian  Planters*  Monthly,  vol.  15,  no.  12,  pp.  590-598,  December,  1896;  vol. 
17,  no8.  5  and  6,  pp.  208-219  and  258-269,  May  and  June,  1898;  vol.  18,  no.  12,  pp. 
576^78,  December,  1899;  vol.  19,  no.  11,  pp.  519-524,  November,  1900. 
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attained  in  Hawaii  than  in  continental  regions  where  investigations 
of  tliis  character  are  under  way.  From  the  above  remarks  it  is 
apparent  that  the  entomologists  of  the  Hawaiian  Sugar  Planters* 
Experiment  Station  are  justified  in  placing  emphasis  on  this  phase 
of  insect  control.  Indeed,  their  work  has  been  almost  entirdy 
along  this  line. 

THB  SUGAB-CANB  LBAFHOPPER. 

{PerHntiella  sactharicida  Kirk.) 
DISTRIBUTION. 

The  Hawaiian  sugar-cane  leafhopper  (Perkinsiella  saccharicida 
Kirkaldy)  was  introduced  into  the  islands  some  time  prior  to  1900 
from  Queensland,  Australia.  The  species  occurs  tluDughout  the 
sugar-cane  areas  both  in  Australia  and  in  Hawaii  and  has  been 
recorded  fn>m  Java.** 

APPEARANCE    OF   THE    LEAFHOPPER    IN    HAWAIIAN    CANE    FIELDS. 

The  first  appearance  of  the  leafhopper  in  Hawaii  is  recorded 
by  Mr.  Albert  Koebele  in  January,  1902.*  Koebele  notes  the  species 
under  the  heading  **Leafhopper  (Fulgoridse)/'  the  species  at  that 
time  not  having  been  described.  Regarding  its  appearance  3ir. 
Koebele  says: 

According  to  Mr.  Clark  a  small  homopterous  insect  appeared  upon  the  sugar  cane 
at  the  experimental  station  some  twelve  months  since,  affecting  the  Demerara  and 
Rose  Bamboo  plants.  Its  presence  is  easily  seen  by  the  black  and  dirty  appearance 
of  the  leaves  and  more  or  less  red  midribs. 

The  insect  lives  in  company  with  its  larva  in  large  numbers  behind  leaf  sheathf, 
which  it  punctures  to  imbibe  the  sap  of  the  plant.  When  mature  it  is  exceedingly 
active  in  its  habits,  sprin^g  with  suddenness  from  its  resting  place  at  the  least  dis- 
turbance. The  egjjs  are  oviposited  into  the  midrib  over  a  large  extent,  most  numerom 
near  the  base,  in  groups  of  about  from  four  to  seven,  and  large  quantities  are  often 
present  in  a  single  leaf.  The  surroundings  of  the  sting  become  red  and  in  advanced 
stages  the  whole  of  the  midrib  becomes  more  or  less  of  this  color  and  brownish  red. 

That  the  species  caused  little  alarm  at  this  time  is  indicated  by 
Mr.  Koebele's  further  statement  in  tliis  same  article.     He  says: 

Should  this  insect  become  numerous  on  any  plantation,  they  could  be  kept  in 
check  by  careful  and  repeated  stripping  and  burning,  immediately  after,  of  the  leaves 
containing  the  eggs.  I  do  not  anticipate  any  serious  results  from  the  above  insect, 
which  may  have  been  present  upon  the  island  for  many  years. 

In  May,  1902,  Dr.  R.  C.  L.  Perkins  under  the  title  "Leafhoppers 
(Fulgoridae),''  in  a  report  to  Mr.  C.  F.  Eckart,  director  of  the  Hawaiian 

o  Kirkaldy,  G.  W. — A  note  on  certain  widely  distributed  leafhoppers.  <Science, 
vol.  26,  no.  659,  p.  216,  1907. 

&  Koebele,  A. — Report  of  the  committee  on  diseases  of  cane.  <Hawaiian  Planters' 
Monthly,  vol.  21,  no.  1,  pp.  20-26,  January,  1902. 
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Sugar  Planters'  Experiment  Station,  mentions  the  doubtful  origin 
and  identity  of  the  species."  Doctor  Perkins  again  records  the  insect 
under  the  heading  "The  leaf-hopper  of  the  cane''  in  December  of 
the  same  year  and  says:  "This  small  insect  is  highly  injurious  to 
cane  and  its  destructiveness  threatens  to  exceed  that  of  the  cane 
borer  beetle.''* 

In  response  to  repeated  requests  made  to  the  department  the 
writer  was  detailed  early  in  May,  1903,  to  make  a  report  on  the 
pest.  On  May  11,  1903,  specimens  were  forwarded  by  the  writer 
to  Dr.  L.  O.  Howard,  Chief  of  the  Bureau  of  Entomology,  Wash- 
ington, D.  C.  Under  date  of  June  1,  1903,  Doctor  Howard  replied 
that  the  species  was  new  to  science  and  that  there  was  in  press  a 
description  of  the  insect  under  the  name  PerhinsieUa  aaccharicida 
by  Mr.  G.  W.  Kirkaldy  of  the  British  Museum. 

DESCRIPTION   OF   THE   LEAFHOPPER. 

The  species  was  described  by  Mr.  G.  W.  Kirkaldy  in  1903  and  rep- 
resents a  new  genus  which  was  named  after  Dr.  R.  C.  L.  Perkins. 
The  description  of  the  genus  and  species  is  taken  from  Mr.  Kirkaldy's 
article  in  The  Entomologist,  London,  for  July,  1903,  pages  179-180, 
and  is  as  follows: 

Perhirmella^  gen.  nov. 

Closely  allied  to  Araeopus  Spinola,  but  distinguished  by  the  first  segment  of  the 
antennae  being  distinctly  shorter  than  the  second;  distinguished  from  Dicranotropis 
Fieber,  to  which  it  bears  some  resemblance,  by  the  form  of  the  frons,  and  by  the 
flattened  apically  dilated  first  segment  of  the  antennae.  Type,  P.  saccfiaridda  Kirkaldy. 
Second  segment  of  antennal  peduncle  about  one-half  longer  than  the  first;  flagel- 
lum  about  one-thiwi  longer  than  the  entire  peduncle,  first  peduncular  s^ment  much 
wider  at  apex  than  basally,  flattened  and  explanate;  second  segment  nearly  as  wide 
at  base  as  the  apex  of  the  first  s^ment  [in  AraeopiLS  it  is  much  narrower,  while  the  first 
segment  is  more  parallel-sided].  Exterior  longitudinal  nervine  of  corium  forked  near 
the  base,  and  its  exterior  branch  forked  near  its  middle;  interior  longitudinal  neryure 
forked  near  the  apex .  Membrane  with  six  nervures,  the  fourth  (commencing  inwardly) 
forked;  the  first  area  has  an  incomplete  nervure  reaching  only  to  the  middle.  Other 
characters  as  in  ArsRopvs. 

P.  saccharicidaf  sp.  nov. 

Long-winged  form  $  9  • — Tegmina  elongate,  narrow,  extending  far  beyond  apex  of 
abdomen,  interior  half  of  clavus  and  corium  more  or  less  faintly  smoky,  a  long  dark 
smoky  stripe  on  middle  of  membrane,  three  or  four  of  nervm^es  of  the  latter  smoky  at 
apex. 

Short-mnged  form,  9  • — ^Tegmina  reaching  only  to  base  of  fifth  segment,  costa  more 
arched,  apex  more  rounded,  neuration  similar  but  shortened.  T^mina  hyaline, 
colourless;  nervures  pale  testaceous  brownish,  with  blackish  brown  non-piligerous 
dots  (in  both  forms). 

«  EcKABT,  C.  F. — Precautions  to  be  observed  with  r^ard  to  cane  importations. 
< Report  to  Hawaiian  Sugar  Planters*  Association,  May  9,  1902,  p.  5. 

&  Perkins,  R.  C.  L. — Notes  on  the  insects  injurious  to  cane  in  the  Hawaiian  Islands. 
<Hawaiian  Planters'  Monthly,  vol.  21,  no.  12,  pp.  593-596,  December,  1902. 
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$ .  Pallid  yellowish  testaceous.  Abdomen  above  and  beneath  black,  apical  inar- 
gins  and  laterally  more  or  less  widely  pallid .  Apical  half  of  first  segment  and  carinate 
edges  of  second  segment  of  antennse,  flagellum,  basal  half  of  frons  (except  the  pustules) 
and  a  cloudy  transverse  band  near  the  apical  margin  of  the  same,  longitudinal  stripes 
on  femora,  coxae  spotted  or  banded  near  the  base,  a  large  spot  on  each  pleuron,  anterior 
and  intermediate  tibiae  with  two  or  three  annulations,  apical  segment  of  tarsi,  etc., 
blackish  or  brownish.  First  genital  segment  large,  deeply  acute-angularly  emarginate 
above. 

9 .  Like  the  male,  but  abdomen  above  and  beneath  stramineous,  irregularly  speckled 
with  brownish.  Ovipositor,  etc.,  blackish.  Sheath  not  extending  apically  so  far  as 
the  "scheidenpolster. "  Ix>ng.  ^9'*!  n^iU.;  to  apex  of  elytra  in  long- winged  form, 
6}  mill. 

DISPERSION   OF   THE   LEAFHOPPER. 

The  spread  of  the  insect  over  the  cane  districts  of  the  Hawaiian 
Islands  was  apparently  very  rapid,  although  it  had  undoubtedly 
occurred  in  the  fields  unnoticed  by  the  planters  for  several  years.  By 
February,  1903,  the  species  became  generally  abundant  throughout 
the  cane  fields  of  the  entire  Hawaiian  Territory. 

The  main  factor  in  the  distribution  of  the  pest  is  the  habit  of  the 
female  of  depositing  her  eggs  beneath  the  epidermis  of  the  intemodes 
of  the  cane  stalk.  It  seems  probable  that  the  pest  was  introduced 
into  the  islands  and  to  a  great  extent  distributed  over  the  cane 
districts  in  seed  cane.  In  local  distribution  other  factors  present 
themselves.  The  leafhopper  is  an  insect  readily  attracted  by  light 
at  night,  as  its  presence  about  lamps  in  the  factories  and  homes  on 
the  plantations  testifies.  Passengers  and  steamship  officers  of  the 
interisland  steamers  have  frequently  stated  to  the  writer  on  inquiry 
that  in  many  instances,  especially  at  night,  great  numbers  of  the 
insects  have  come  aboard  in  certain  ports  or  when  offshore  from 
certain  plantation  districts.  These  adults  have  undoubtedly  traveled 
in  this  manner  from  one  locality  to  another  so  that  an  uninfested  dis- 
trict might  easily  have  become  infested  by  adults  flying  ashore  from  a 
passing  steamer  previously  infested  while  stopping  at  or  passing  by 
an  infested  locality.  Railway  trains  have  been  equally  active  in  the 
spread  of  the  insect  on  land. 

Another  mode  of  distribution,  during  the  general  outbreak  of  1903, 
under  conditions  of  heavy  infestation,  was  the  migration  of  the  pest 
from  one  locality  to  another  during  the  daytime.  These  migrations 
were  observed  by  many  of  the  planters.  The  manager  of  one  planta- 
tion in  the  Ilamakua  district  of  the  island  of  Hawaii  stated  to  the 
writer  that  in  the  early  evening  of  April  26,  1903,  the  atmosphere  was 
** thick  with  hoppers^'  for  a  distance  of  2  miles  and  that  the  **hop- 
pers"  were  traveling  with  the  prevailing  wind,  about  southwest. 
Similar  migrations,  described  by  the  observers  as  '* clouds,"  were 
mentioned  by  other  managers. 
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LIFE   HISTORY   AND  HABITS. 

The  writer  spent  two  months  in  the  cane  fields  during  the  outbreak 
and  in  the  early  part  of  July,  1903,  presented  a  report  to  the  Hawaiian 
Sugar  Planters'  Association  on  the  occurrence  and  injury  of  the 
species.  Later  an  account  of  these  investigations  was  published, 
from  which  a  part  of  the  information  on  the  leafhopper  presented 
herewith  is  taken.** 

** Leafhopper"  is  a  populaj  term  applied  to  a  certain  group  of 
plant-feeding  insects  of  the  order  Hemiptera.  The  family  Fulgo- 
ridae,  to  which  the  Hawaiian  sugar-cane  leafhopper  belongs,  is 
included  in  this  group.  Common  characteristics  of  these  insects 
are  their  peculiar  habit  of  springing  or  jumping  when  disturbed; 
their  feeding  upon  plants  by  sucking  from  the  tissue  the  plant  juice 
or  sap  through  a  beak  or  proboscis,  a  piercing  organ  by  means  of 
which  they  puncture  the  epidermal  layer  of  the  plant;  their  incom- 
plete development  (that  is,  the  young  upon  hatching  from  the  eggs 
resembles  the  adult,  except  that  it  is  smaller  in  size,  wingless,  and 
sexually  immature  and  by  a  gradual  process  of  development  acquires 
the  characteristics  of  the  adult);  and  the  fact  that  their  eggs  are 
deposited  in  the  same  plant  upon  which  the  young  and  adult  appear 
and  feed. 

The  eggs  of  the  sugar-cane  leafhopper  (Plate  II,  figs.  1,  2)  are 
deposited  beneath  the  epidermis  of  the  cane  plant  in  situations 
along  the  midrib  of  the  leaves,  in  the  internodes  of  the  stalk,  or,  in 
the  case  of  young  unstripped  cane,  in  the  leaf  sheath  of  the  lower 
leaves.  When  deposited  in  the  leaves,  the  eggs  are  inserted  from 
either  side,  but  usually  from  the  inside,  the  greater  number  being 
in  the  larger  portion  of  the  midrib  down  toward  the  leaf  sheath. 
The  place  of  incision  is  indicated  at  first  by  a  whitish  spot,  this  being  a 
waxy  covering  over  the  opening.  The  female  accomplishes  the  process 
of  oviposition  by  puncturing  the  leaf  or  stein  with  her  ovipositor, 
which  organ  (fig.  1,  b)  is  plainly  visible  on  the  lower  side  of  the  abdo- 
men, attached  to  the  body  at  the  center  behind  the  last  pair  of  legs 
and  extending  backward  along  the  median  line  of  the  abdomen, 
reaching  nearly  to  the  end.  By  the  aid  of  this  structure  the  female 
pierces  the  epidermis  of  the  cane  stalk  and  through  the  one  opening 
forms  a  cavity  or  chamber  to  receive  the  eggs.  The  number  of 
eggs  deposited  in  each  cavity  varies,  the  wxiter  finding  the  average 
to  be  between  four  and  six.  That  a  single  female  is  responsible  for 
many  of  these  clusters  has  been  verified  by  the  writer  by  observation. 
As  the  growth  of  the  cane  continues  and  the  new  leaves  unfold 
toward  the  top  of  the  plant,  the  infested  leaves  naturally  occupy 

o  Van  Dine,  D.  L. — A  sugar-cane  leaf-hopper  in  Hawaii,  Perkinsklla  saccharicida. 
<Hawaii  Agr.  Exp.  Sta.,  Honolulu,  Bui.  6,  pp.  29,  figs.  8,  1904. 


Digitized  by. 


Google 


16  THE   SUGAR-CANE  INSECTS  OF   HAWAH. 

the  lower  position  on  the  stalk.  The  leafhopper,  during  a  heavy 
infestation,  will  continue  to  puncture  the  midribs  of  the  leaves  as 
rapidly  as  the  leaves  unfold.  The  older  egg  chambers  of  the  lower 
leaves  are  distinguished  from  the  newly  formed  chambers  of  the 
upper  leaves  by  a  reddish  discoloration. 

Under  laboratory  conditions  the  writer  found  that  the  e^ 
deposited  in  cane  growing  in  rearing  cages  hatched  two  weeks  there- 
after. The  perio<l  of  development  of  the  young  to  the  adult  required 
34  additional  days,  making  the  life  cycle  48  days  in  length. 

The  length  of  the  egg  stage,  under  certain  conditions,  is  much 
longer  than  the  time  given  above.  Mr.  C.  F.  Ek^kart,  director  of 
the  Hawaiian  Sugar  Planters'  Experiment  Station,  records  that  hatch- 
ing continued  for  38  days  from  cane  cuttings  infested  with  eggs  of 
the  leafhopper." 

The  fact  that  the  eggs  will  hatch  from  cane  cuttings  during  a 
period  of  at  least  38  days  is  a  very  important  point  to  bear  in  mind 
in  the  shipping  of  infested  cane  from  one  locality  or  country  to 
another.  Since  practically  the  only  means  by  which  the  Hawaiian 
leafhopper  could  be  introduced  into  the  cane  fields  of  the  Southern 
States  is  by  the  shipment  of  seed  cane  from  New  South  Wales, 
Queensland,  Java,  or  Hawaii  to  this  country,  the  writer  would 
emphasize  the  necessity  of  having  all  introductions  made  through 
officials  engaged  in  sugar-cane  investigations. 

On  issuing  from  the  cavity,  or  chamber,  the  young,  newly  hatched 
leafhoppers  appear  at  first  smaU,  slim,  wingless  nymphs,  almost 
transparent.  During  the  process  of  hatching  or  emerging  from 
the  egg  chamber  the  insects  slowly  work  their  way  head  first  to  the 
surface  of  the  leaf  or  stalk.  The  writer  found,  by  timing  the  opera- 
tion, that  from  8  to  15  minutes  were  required,  during  which  time 
the  nymphs  rest  occasionaUy  to  unfold  and  drj'  their  legs.  When 
they  become  detached  from  their  egg-cases  and  have  emerged  to 
the  surface,  they  are  at  once  active  and  scatter  over  the  plant  to 
feed,  congregating  at  first  down  within  the  sheaths  of  the  upper 
leaves.  In  a  few  hours  the  body  becomes  shortened  and  the  outer 
covering,  on  exposure  to  the  air,  becomes  darker  in  color.  The  habit 
of  the  very  young  in  secluding  themselves  within  the  lower  sheaths 
of  the  leaves  renders  them  quite  inconspicuous  unless  especially 
sought  for.  They  may  become  very  abundant  and  stiU  remain  unde- 
tected by  an  ordinary  observer  until  the  result  of  their  feetling 
becomes  apparent.     (See  nymphs,  Plate  II,  figs.  3-6.) 

Ordinarily  when  disturbed  the  adult  leafhopper  does  not  fly  but 
moves  oflf  in  an  odd,  sidewise  fashion  to  another  part  of  the  leaf,  or 
springs  suddenly  to  another  portion  of  the  plant.  (See  adults, 
Plate  II,  fig.  7,  and  text  fig.  1.) 

a  EcKART,  C.  F. — Report  of  the  Hawaiian  Sugar  Planters*  Association  Experiment 
Station  for  1903,  Honolulu,  1904,  pp.  78-79. 
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Plate  II. 


The  Suqar-Cane  Leafhopper  (Perkinsiella  saccharicioa). 

Fifir.  l.—Ecg  chambers  in  midrib  of  cane  leaf,  sJIghtly  enlarged.  Fig.  2.— Eggs,  greatly  enlarged. 
Fig.8.— larHt-sUigenymph.  Fig.  4.— Second-stage  nymph.  Fig.  5.— Third-stage  nymph.  Fig.6.— 
Fourth-stage  nymph.    Fig.  7.— Adult  male.    (After  Klrkaldy.) 
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SYMPTOMS    OF  LEAFHOPPER   INJURY. 

The  presence  of  the  pest  on  the  plantations  was  noticed  first  by 
the  appearance  of  a  sooty  black  covering  on  the  lower  leaves  of  the 
cane  plant.  This  black  covering  became  known  as  smut.  It  is  a 
fungous  growth  and  finds  a  medium  for  development  in  the  trans- 
parent, sticky  fluM  secreted  by  the  leafhoppers  during  their  feeding 
on  the  plant.     This  secretion  is  commonly  known  as  honeydew. 

The  black  smut  or  fungous  growth  in  the  honeydew  secretion  of 
the  leafhopper  and  the  red  discoloration  about  the  openings  to  the 
egg  chambers  in  the  midribs  of  the  leaves  are  the  most  pronounced 
symptoms  of  the  work  of  the 
leafhopper  on  cane. 

In  the  case  of  heavy  infesta- 
tion a  further  result  is  the 
appearance  of  the  plant  as  a 
whole.  The  leaves  on  wliich  the 
insects  have  been  feeding  de- 
velop a  yellowish  appearance, 
and  as  the  work  of  the  insects 
progresses  they  become  dried 
and  resemble  the  f  uUy  matured 
lower  leaves  of  the  plant.  This 
premature  death  of  the  leaves 
Ls  due  to  the  excessive  amount 
of  juice  extracted  for  food.  As 
long  as  the  cane  plant  is  able  to 
produce  new  leaves  its  hfe  is 
not  actually  in  danger,  the  in- 
jury being  a  check  to  the  growth 
and  indicated  by  the  small, 
shortened  joints  in  the  stalk. 
Leaves  thus  prematurely  rip- 
ened do  not  drop  away  from 
the  stalk  at  the  junction  of  the  sheath,  as  is  the  case  under  normal 
conditions,  but  break  and  hang  down  at  the  junction  of  the  leaf  to 
the  sheath,  leaving  the  sheath  still  wrapped  about  the  stalk.  Leaves 
in  such  a  condition  remain  green  for  some  time,  attached  to  the 
sheath  by  the  midrib,  and  an  attempt  to  strip  the  cane  results  in 
leaving  the  sheaths  still  adhering  to  the  stalk  and  wrapped  about  it. 

In  the  last  stages  of  an  attack,  when  the  plant  is  actually  overcome 

by  the  pest,  the  young  unfolded  leaves  at  the  top  do  not  appear 

to  have  the  vitaUty  to  unfold  and  the  '^bud''  gradually  dies  out.     At 

this  stage  the  normal  growth  of  the  plant  ceases.     Many  plants  in 

83327^--BuU.  93—11 3 


FiQ.  1.— The  sugar-cane  leafhopper  (Perkinsidla  tac- 
charicida):  a,  Adult  female,  much  enlarged;  b, 
ovipositor,  greatly  enlarged.    (After  Klrkaldy.) 
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such  a  condition  will  then  throw  out  sprouts  from  the  eyes.  This  is 
a  serious  circumstance,  since  the  growth  of  the  sprouts  is  supported 
by  the  stalk,  and  unless  the  cane  is  soon  cut  and  ground  the  stalk  is 
rendered  worthless. 

CHARACTER   OF   INJURY   TO   THE   CANE. 

The  first  injury  to  tlie  cane  plant  by  the  leafhopper  occurs  through 
the  piercing  of  the  epidermal  layer  by  the  ovipositor  (fig.  1,  6)  of  the 
female  and  the  later  rupturing  of  the  tissue  of  the  plant  on  the  hatch- 
ing of  the  young.  This  injury  to  the  tissue  in  itself  is  not  serious, 
but  the  many  openings  in  the  leaves  and  stalks  allow  exce^ive 
evaporation  to  occur.  Through  these  wounds  various  diseases  may 
also  gain  entrance  to  the  tissues  of  the  plant,  carried  thereto  by  the 
leaflioppers  themselves  in  fl}ing  from  infested  to  noninfested  plants, 
or  by  other  insects,  particularly  certain  flies,  which  frequent  the 
cane  plant. 

The  most  serious  injury  to  the  plant  is  the  drain  upon  its  vitality 
caused  by  the  young  leafhoppers  in  feeding.  The  structure  of  the 
mouth  parts  of  the  leafhopper  has  been  mentioned;  that  is,  a  piercing 
organ,  wliich  is  inserted  through  the  outer  covering  of  the  tissue,  by 
means  of  which  the  inseat  sucks  the  juice  or  sap  from  within.  The 
amount  extracted  in  this  manner  by  any  particular  individual  is  small 
and  of  httle  consequence,  but  the  result  of  a  myriad  of  individuals  work- 
ing constantly  in  this  maimer  upon  a  plant  is  readily  conceived  to  be 
serious  in  its  consequences.  The  leafhopper  in  feeding  upon  the 
cane  plant  extracts  therefrom  an  amount  of  juice  greatly  in  excess 
of  its  o\ni  needs  for  development.  This  excess  is  excreted  from  the 
body  of  the  insect  upon  the  cane  plant  in  the  form  of  a  sweet,  sticky 
substance,  known  as  honeydew.  It  is  in  this  substance  that  the 
black  smut  develops. 

The  sooty  covering  or  smut  of  the  leaves  referred  to  is  a  super- 
ficial fungus  wliich  bears  a  close  resemblance  to  the  fungi  of  the  genus 
Sphseronema.  The  writer  was  informed  by  Dr.  A.  F.  Woods,  at  that 
time  Pathologist  of  the  United  States  Department  of  Agriculture, 
that  this  fungus  may  be  responsible  for  the  dying  back  of  canes 
which  followed  heavy  leafhopper  infestation.  It  is  believed,  how- 
ever, that  in  the  cane  the  smut  affects  the  plant  only  by  preventing 
the  assimilation  of  the  elements  taken  up  by  the  plant  from  the  soil 
as  food,  in  cutting  off  the  rays  of  direct  sunlight,  and  also  in  closing 
the  stomata  of  the  leaves,  preventing  the  entrance  and  escape  of 
carbon  dioxid  and  oxygen,  respectively.  In  damp  locaUties  another 
fungus  was  taken  in  company  with  the  smut,  and  was  determined 
by  Dr.  Woods  as  a  species  of  the  genus  Hjrpochnus.  The  resulting 
injury  to  the  plant  from  the  leafhopper  attack  is  also  complicated  by 
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the  presence  of  the  pineapple  disease  of  sugar  cane  (TJiielaviopsis 
etJiaceticus)  and  the  rind  disease  (Melanconium  sacchari).  The  latter 
species,  it  is  beheved,  gains  entrance  to  the  tissue  of  the  plant  through 
the  wounds  made  by  the  leafhopper. 

EXTENT   OF   INJITIY. 

It  was  estimated  that  the  leafhopper  caused  a  loss  of  $3,000,000  to 
the  planters  of  Hawaii  during  1903  and  1904.**  In  the  writer's 
opinion  this  loss  can  not  be  attributed  entirely  to  the  leafhopper 
injury.  Other  species  of  insects  and  certain  diseases  were  impUcated. 
The  leafhopper  was  directly  responsible  for  the  larger  percentage  of 
loss  and  indirectly  responsible  for  the  unusual  development  of  cer- 
tain diseases. 

In  speaking  of  the  rind  disease  of  sugar  cane  in  Hawaii  in  1907 
Mr.  L.  Lewton-Brain  says:* 

To  bring  before  you  the  actual  extent  of  the  loss  that  the  rind  disease  is  now  causing 
in  your  cane  fields,  I  take  the  following  fact  obtained  by  Doctor  Cobb  from  actual 
counts  in  the  field.  In  one  case  the  cane  left  on  the  ground  represented  about  one 
ton  of  sugar  to  the  acre.  That  is  to  say,  that  if  the  cane  left  on  the  field  had  been 
sound  cane  that  portion  of  it  left  on  an  acre  would  produce  about  a  ton  of  sugar.  The 
area  counted  over,  in  this  particular  case,  was  representative  of  200  acres. 

A  few  years  ago,  when  the  leaf-hopper  was  at  the  height  of  its  glory  in  reducing 
the  vigour  and  vitality  of  your  canes,  these  figiu-es  would  have  been  much  higher. 
I  have  been  assured  that,  at  that  time,  there  were  acres  and  acres  of  cane  to  be  seen 
on  which  the  majority  of  the  sticks  had  been  ruined  by  rind  disease. 

Apart  from  the  direct  and  indirect  injury  of  the  leafhopper  {Perk- 
insieUa  aaccharicida  Kirk.),  the  sugar-cane  borer  (SphenopTvorus 
phscurus  Boisd.),  the  sugar-cane  leaf-roller  (Omiodes  accepta  Butler), 
and  other  minor  pests  contributed  to  the  loss  sustained. 

The  explanation  of  the  undue  increase  on  the  part  of  the  leaf- 
hopper is  made  clear  when  it  is  known  that  up  to  the  time  of  the 
leafhopper  invasion  the  sugar  plantations  had  been  particularly  free 
from  serious  attacks  of  insect  and  disease  pests.  The  planters  were, 
therefore,  unacquainted  with  the  insect  life  to  be  found  in  their  cane 
fields.  They  did  not  know  the  source  or  nature  of  the  leafhopper 
attack  and  had  at  hand  no  general  knowledge  of  insect  warfare. 
The  injury  of  the  leafhopper,  combined  with  that  of  the  other  species 
mentioned,  and  the  compUcations  arising  through  the  development 
of  certain  diseases  gave  the  leafhopper  a  favorable  opportunity  to 
develop  great  numbers  in  those  localities  where  climatic  influences 
or  soil  conditions  were  unfavorable  to  the  sugar  cane  or  where  a 
deteriorated  condition  of  the  cane  varieties  prevailed. 

<»  Report  Governor  of  Hawaii  for  fiscal  year  1907,  p.  22. 

b  Lewton-Brain,  L. — Rind  Disease  of  the  Sugar-Cane.  <Hawaiian  Sugar  Plant* 
era'  Exp.  Sta.,  Div.  Path.,  Bui.  7,  p.  15, 1907. 
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FACTORS   RESPONSIBLE   FOR  THE  OUTBREAK  OF   1903. 

On  those  plantations  where  the  outbreak  of  the  leafhoppers  became 
epidemic  the  writer  made  careful  observations  to  determine,  if  pos- 
sible, the  conditions  of  season,  soil,  varieties,  or  methods  of  cultiva- 
tion which  might  have  contributed  to  the  leafhopper  development. 
Some  of  these  conditions  noted  will  be  mentioned. 

(1)  The  season  during  which  the  attack  was  most  serious  was  not 
the  growing  season,  and  in  some  localities  the  weather  was  most 
unfavorable  for  the  growth  of  the  cane.  In  one  instance,  for  example. 
there  were  during  one  month  24  rainy  days  out  of  the  30;  and  since 
the  temperature  on  a  rainy  day  is  some  ten  degrees  lower  than  on  a 
bright  day,  and  because  of  the  absence  of  sunshine  to  carrj"  on  the 
work  of  assimilation,  a  less  vigorous  growth  of  cane  resulted. 

(2)  The  long  duration  of  prevailing  high  winds. 

(3)  An  impoverished  condition  of  the  soil.  Certain  fields  in  which 
the  leafhopper  was  epidemic  had  been  planted  continuously  to  cane 
for  over  20  years.  The  soil  in  certain  parts  of  some  fields,  also, 
where  the  leafhopper  infestation  was  greatest  was  found  to  be  in  poor 
condition  because  of  lack  of  drainage. 

(4)  As  the  rainy  season  was  followed  by  a  long  period  of  dry  weather, 
wthout  the  means  of  irrigation,  the  cane  lacked  sufficient  moisture 
to  enable  it  to  put  forth  a  vigorous  growth.  This  point  was  demon- 
strated on  an  unirrigated  plantation  in  the  district  of  Kohala,  Hawaii. 
A  portion  of  a  field  was  seriously  attacked  by  the  leafhopper  during 
the  month  of  September,  1903,  after  several  months  of  dry  weather. 
The  manager  of  the  plantation,  Mr.  E.  E.  Olding,  was  able  to  run 
water  into  this  portion  of  the  field  and  irrigated  the  cane  four  times 
at  intervals  of  about  a  week,  with  the  result  that  the  cane,  although 
showing  the  attack  in  the  smallness  of  the  joints  grown  during  that 
time,  recovered,  and  when  the  writer  visited  the  field  during  the 
month  of  November  of  the  same  year  was,  in  appearance,  not  unlike 
healthy  portions  of  the  same  field. 

(5)  The  presence  of  other  pests,  principally  the  cane  borer  (Sphen- 
ophorus  obscurus)  and  the  leaf-roller  {Otniodes  accepta), 

(6)  The  lack  of  thorough  cultivation. 

(7)  The  injury  to  cane  on  the  makai  (seaward)  fields  by  the  salt 
spray  or  the  check  to  the  cane  by  the  cold  on  the  mauka  (mountain- 
ward)  fields. 

(8)  The  deterioration  of  varieties. 

(9)  The  complications  due  to  the  presence  of  certain  diseases. 

THE    LEAFHOPPER    AND   BEEKEEPING. 

An  interesting  condition  of  affairs  arising  from  the  leafhopper 
•attack  on  sugar  cane  is  the  collection  of  the  honeydew  by  honey  bees. 
"The  increase  in  the  production  of  Hawaiian  honey  of  recent  years 
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corresponds  with  the  advent  of  the  sugar-cane  leafhopper  into  the 
cane  fields,  and  the  recent  extensive  proportions  which  the  bee- 
keeping business  in  the  islands  is  assuming  is  in  the  vicinity  of  the 
immense  areas  of  land  given  to  cane  culture.**     (See  fig.  2.) 

The  principal  source  of  floral  honey  in  the  islands  is  the  flowers  of 
the  algeroba.  (Pro«opw  julifiora).  The  total  production  of  this  floral 
honey  does  not  exceed  600  tons.  The  output  of  honey  for  1910  in 
the  islands  exceeds  1,000  tons,  and  the  remaining  400  tons  consists 
almost  entirely  of  the  product  gathered  from  the  honeydew  of  the 
sugar-cane   leafhopper.     Some    100    tons   of    this   forms    a   typical 


Fig.  2.— An  apiary  near  a  sugar-cane  field.    (From  Phillips.) 

honeydew  honey,  the  remaining  amount  consisting  of  natural  blends 
of  these  two  types. 

Honeydew  honey  from  the  sugar-cane  leafhopper  is  noncrystal- 
lizable  and  usually  of  a  very  dark  color.  The  aroma  is  very  similar 
to  that  of  molasses  and  the  taste  insipid.  The  product  is  abnor- 
mally high  in  ash,  the  amount  ranging  from  1  to  2  per  cent,  and  it 
has  a  decided  right-handed  polarization,  while  the  floral  or  algeroba 
honey  is  low  in    ash    and   has    a   left-handed    rotation,    which    is 


oVan    Dine,  D.  L. — The    Source    and    Characteristics    of 
<Hawaii  Agr.  Exp.  Sta.,  Bui.  17,  Pt.  I,  pp.  1-12,  1908. 

Phillips,  E.  F. — A  brief  survey  of  Hawaiian  Bee  Keeping. 
Bur.  Ent.,  Bui.  75,  Pt.  V,  Jan.  19,  1909. 


Hawaiian    Honeys. 
<U.  S.  Dept.  Agr.. 
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characteristic  of  all  floral  honeys.  The  larger  amount  of  honey- 
dew  is  obtained  from  the  insects  on  the  young  plant  cane, 
for  there  the  leafhoppers  are  more  abundant.  The  amount  of 
honeydew  gathered  depends  on  the  maturity  of  the  cane  and  the 
amount  of  rain  which  washes  the  secretion  from  the  leaves. 

OONTHOL   OF  THE   LEAFHOFPER. 
Direct  Measures. 

Insecticides, — Those  famiUar  with  the  culture  of  sugar  cane  wiD 
readily  understand  the  difficulty  of  getting  in  and  through  the 
fields  after  the  cane  obtains  any  height.  This  difficulty  renders  the 
use  of  insecticides  as  a  remedy  unpractical.  In  Hawaii  such  a 
method  becomes  stiU  more  difficult  because  of  the  prevailing  slope 
of  the  cane  lands  and  the  manner  in  which  the  fields  in  many  dis- 
tricts are  laid  out  for  purposes  of  irrigation.  The  feeding  habits 
of  the  leafhopper  are  such  that  a  contact  poison  or  irritant  would  be 
necessary  for  its  destruction,  and  the  activity  of  the  leafhoppers — 
that  is,  the  suddenness  with  which  they  disperse  at  the  least  dis- 
turbance— still  further  prevents  the  successful  appUcation  of  a  con- 
tact insecticide.  Then,  too,  the  cane  fields  of  Hawaii  are  subject 
to  prevailing  winds,  which  greatly  interfere  with  the  use  of  any 
substance  in  the  form  of  a  spray.  In  the  face  of  the  above  diffi- 
culties the  writer  attempted  the  destruction  of  the  leafhopper  by 
direct  measures  and  found  that  an  application  of  kerosene  emulsion 
applied  in  the  shape  of  a  finely  divided  stream  wdth  considerable 
force  was  capable  of  killing  only  a  small  ^rcentage.  A  mixture  of 
lime  and  caustic  soda  was  also  applied,  with  negative  results.  Lime, 
prepared  by  reducing  fresh  stone  lime  to  a  powder  by  the  use  of 
solutions  of  copper  sulphate  and  caustic  soda,  was  appfied  as  a  dust 
on  cloudy  days,  or  just  after  showers,  and  while  in  comparison  to 
spraying  a  much  larger  area  was  covered,  and  the  dust  came  in 
contact  with  a  large  percentage  of  the  leafhoppers,  no  appreciable 
beneficial  results  were  observed. 

Collection  hy  nets, — Ordinary  sweeping  nets  supplied  with  short 
handles  w  ere  placed  in  the  hands  of  the  laborers,  and  the  leafhoppers 
were  collected  by  having  the  laborers  go  in  a  body  through  adjoining 
rows  and  sweep  the  nets  over  the  cane  leaves.  The  insects  collected 
were  dumped  from  the  nets  into  buckets  of  water  and  kerosene  at 
the  ends  of  the  rows.  While  immense  numbers  were  captured  in 
this  way,  the  number  collected  and  the  area  covered  were  so  small 
in  comparison  to  the  abundance  of  the  leafhoppers  and  to  the  extent 
of  the  infested  area  that  this  measure  w  as  also  discarded. 

Cutting  and  burning  in  the  infested  centers. — The  direct  measures 
of  control  advised  by  the  writer  were  confined  to  the  cutting  down 
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and  burning  over  of  those  centers  in  the  fields  where  the  species  had 
become  numerous.  In  this  practice  it  was  observed  that  many  of 
the  adults  were  able  to  take  flight  from  the  burning  cane  and  escape 
to  adjoining  fields.  However,  many  adults  and  all  of  the  unhatched 
eggs  in  the  leaves  and  the  immature  wingless  forms  were  destroyed. 
The  center  of  infestation  was  destroyed,  and  this  gave  the  ratoon 
crop  over  these  areas  a  chance  under  more  favorable  conditions. 

Stripping  the  leaves, — For  agricultural  reasons  it  was  a  common 
practice  in  Hawaii  to  strip  the  lower  mature  leaves  from  the  cane 
stalk.  It  was  believed  at  first  that  this  operation  would  greatly 
lessen  the  numbers  of  the  leafhopper  by  the  exposure  of  the  un- 
hatched forms  in  the  leaves  of  the  cane  and  by  removing  a  place  of 
shelter  for  the  active  forms.  Observations  made  during  the  summer 
months  indicated  that  stripping  was  beneficial  from  the  standpoint 
of  the  control  of  the  leafhopper.  Later  observations  made  during 
the  winter  months,  however,  when  growth  of  the  cane  practically 
ceases,  showed  a  very  serious  condition  of  affairs,  namely,  that  in 
heavy  infestation  the  internodes  of  the  stalk  of  stripped  cane  con- 
tained hundreds  of  punctures  from  egg  laying,  while  the  internodes 
of  unstripped  cane  were  protected  from  such  injury  by  the  leaf- 
sheaths. 

Burning  of  trash  after  harvesting. — The  thorough  burning  of  the 
trash  after  the  cane  is  harvested  is  the  most  effective  method  prac- 
ticed for  the  control  of  the  insects  of  sugar  cane.  In  the  case  of 
the  leafhopper  many  of  the  adults  no  doubt  take  flight,  but  the 
destruction  to  the  eggs  and  immature  forms  in  the  trash  is  enormous. 
The  place  where  the  greatest  numbers  of  the  leafhopper  were^  noted 
in  1903  was  on  a  plantation  where  the  practice  of  ^* burning  off" 
had  been  discontinued  for  several  years,  and  the  manager  attributed 
the  unusual  increase  of  the  pest  to  the  fact  that  the  trash  had  not 
been  burned.  Both  for  the  leafhopper  and  the  cane  borer,  burning  off 
has  become  general  once  more. 

Indirect  Measures, 
preventive  methods. 

Selection  of  varieties  of  cane  for  planting, — There  was  noticeable 
in  general  throughout  the  plantations  a  marked  difference  in  the 
power  of  the  different  varieties  to  resist  the  attack  of  the  leafhopper. 
While  the  same  variety  would  vary  in  different  locahties  as  regards 
growth  and  resistance,  still  the  difference  between  any  two  varieties 
remained  constant.  For  example,  Yellow  Caledonia  was  invariably 
the  more  resistant  as  compared  to  Rose  Bamboo  and  Lahaina,  and 
while  the  former  was  more  seriously  attacked  in  some  localities  than 
in  others,  wherever  the  opportunity  offered  itself  for  comparison  with 
the  latter,  the  Yellow  Caledonia  made  the  best  showing.     It  is  for 
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the  planter  to  decide  whether  or  not  the  advantages  of  one  variety 
over  another  are  offset  by  the  ravages  of  the  leafhopper.  If  the  loss 
from  the  leafhopper  is  greater  than  the  gain  in  the  yield  between  any 
two  varieties  in  the  absence  of  the  leafhopper,  then  it  is  policy  to 
select  the  more  resistant  cane. 

The  Yellow  Caledonia  (fig.  3)  is  a  hardy  cane  and  the  plant  makes 
a  vigorous  growth.  These  qualities,  together  with  the  showing  which 
the  variety  made  during  the  leafhopper  epidemic,  have  made  the 
cane  a  popular  variety  in  the  Hawaiian  Islands.     Mr.  C.  F.  Eckart, 


FlQ.  3.— Yellow  Caledonia  sugar  cane,  a  variety  which  is  replacing  Lahaina  and  Rose  Bamboo  in  Uie 
Hawaiian  Islands.    Photograph  taken  during  the  leafhopper  epidemic  of  1908.    (Original.) 

Director    of    the    Hawaiian    Sugar    Planters*    Experiment    Station, 
reports  as  follows  on  this  cane:* 

Probably  no  subject  pertaining  to  the  cultivation  of  cane  in  the  Hawaiian  Islands 
during  recent  years  has  held  more  interest  for  the  planters,  in  various  localities,  than 
that  relating  to  the  introduction  and  trial  of  new  varieties. 

In  the  Ililo  and  Ilamakua  districts,  the  Lahaina  first  made  way  for  the  Roee  Bamboi), 
and  the  latter,  after  a  strong  stand  for  many  years,  is  now  being  rapidly  succeeM  by 
the  more  vigorous  Yellow  Caledonia.  This  cane  with  \\s  upright  growth  and  deep 
r(K>ting  propensities  has  proved  a  most  valuable  acquisition  in  wet  and  dry  localities 
alike.  Growing  erect,  with  a  natural  tendency  to  shed  its  dried  leaves,  it  becomes 
an  admirable  cane  for  rainy  districts,  where  varieties  that  are  prone  to  fall  to  the 
ground  and  remain  in  contact  with  a  frequently  saturated  soil  have  shown  extreme 

o  Eckart,  C.  F. — Varieties  of  cane.  <Report  of  the  Experiment  Station  Com- 
mittee, Hawaiian  Sugar  Planters'  Association,  for  the  year  ending  September  30, 1904, 
Apx>endix  IV,  p.  31. 


Digitized  by 


Google 


THE   SUGAB-CANE  LEAFHOPPEB.  25 

sensitiveiiees.  The  frequent  stripping,  required  for  Lahaina  and  Rose  Bamboo  in 
these  wet  places,  has  necessarily  added  to  the  cost  of  cultivation,  and  the  ready  maimer 
in  which  Yellow  Caledonia  tends  to  strip  itself  is  no  small  item  in  favor  of  economy. 
Again  the  manner  in  which  it  keeps  down  weeds,  which  were  such  a  menace  to  it8 
predecessors  on  the  unirrigated  plantations,  is  another  strong  point  in  it«  favor.  In 
dry  districts  subject  to  occasional  drought,  it  has  amply  demonstrated  ite  hardihood 
over  Rose  Bamboo,  which  in  turn  is  more  resistant  to  such  unfavorable  climatic  features 
than  Lahaina.  By  sending  its  roots  down  deep  into  the  soil  it  draws  from  a  larger 
reserve  supply  of  water  than  the  older  varieties,  which  are  more  shallow  feeders  and 
which  soon  feel  the  effects  of  a  rainless  period. 

Dr.  R.  C.  L.  Perkins  reports  as  follows  on  the  relative  immunity 
of  diflFerent  varieties  of  cane  from  leafhopper  attack:** 

It  seems  certain  that  some  varieties  of  cane  will  stand  the  attack  of  leaf-hopper 
better  than  others.  Mr.  Eckart,  Director  of  the  Hawaiian  Sugar  Planters'  Experiment 
Station,  has  furnished  me  with  a  list  of  new  varieties  of  cane  (see  Appendix,  Note  II 
below),  grown  there,  arranged  in  order,  according  to  the  relative  injury  that  each 
sustained  from  leaf-hopper. 

There  may  come,  however,  so  severe  an  attack  that  no  cane  can  resist  it.  Thus 
we  have  seen  plants  of  "Yellow  Caledonia"  (at  the  extreme  end  of  the  list)  which 
were  of  the  strongest  and  most  thrifty  nature  previous  to  the  attack,  some  entirely 
destroyed  and  others  very  badly  injured  after  a  bad  outbreak.  It  is,  however,  prob- 
able that  from  an  attack  of  hopper  which  would  entirely  destroy  a  field  of  "Rose 
Bamboo,'*  for  instance,  a  field  of  "Yellow  Caledonia"  might  recover. 

The  following  is  the  note  to  which  Doctor  Perkins  refers  above: 

The  following  list  of  new  varieties  (i.  e.,  varieties  other  than  the  old  standard  ones 
of  these  islands)  of  cane  at  the  Hawaiian  Planters'  Experiment  Station  has  been  drawn 
up  for  me  by  Mr.  C.  F.  Eckart,  the  Director.  They  are  arranged  in  order,  according 
to  the  amount  of  damage  sustained  from  leaf-hopper  attack,  Queensland  4  suffering 
most  and  Yellow  Caledonia  least:     • 


(1)  Queensland  4 

(2)  Queensland  1 

(3)  Queensland  8A. 

(4)  Louisiana  Purple 

(5)  Demerara95 

(6)  Gee  Gow 

(7)  Cavengerie 

(8)  Demerara74 

(9)  Yellow  Bamboo 


(10)  Tiboo  Merd 

(11)  Louisiana  Striped 

(12)  Striped  Singapore 

(13)  Big  Ribbon 

(14)  Queensland  7 

(15)  Demerara  117 

(16)  White  Bamboo 

(17)  Yellow  Caledonia. 


Oulturdl  methods  on  the  plantation. — The  writer  has  already  men- 
tioned the  fact  that  the  epidemic  of  1903  began  during  the  winter 
months,  in  a  wet  season,  and  at  a  time  when  the  cane  was  making 
practically  no  growth.  The  centers  from  which  the  infestation  spread 
over  the  cane  fields  were  invariably  unfavorable  locations  for  growth. 
It  has  been  noted  in  this  report  that  ail  varieties  suHered  in  these 
unfavorable  locations  but  that  certain  varieties  made  a  better  show- 
ing.    The  extension  of  the  acreage  of  one  variety  in  particular, 

a  Pbbkins,  R.  C.  L.— The  leaf -hopper  of  the  sugar-cane.     <Bd.  of  Agr.  and  For- 
estry, Hawaii,  Div.  Ent.,  Bui.  1,  p.  13,  1903. 
83327**— Bull.  93—11 4 
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Yellow  Caledonia,  will  be  a  leading  factor  in  preventing  another 
epidemic.  One  other  point  was  brought  home  to  the  Hawaiian 
planters  as  a  result  of  the  leafhopper  epidemic,  and  that  was  the 
importance  of  intensive  cultivation.  The  grass  and  weeds  must  be 
kept  down  by  cultivation,  the  low  places  drained,  and  the  impover- 
ished lands  fertihzed.  Those  plantations  which  were  in  »  high  state 
of  cultivation  suffered  less  from  the  leafhopper  attack,  and  the  estates 
provided  with  the  means  of  irrigation,  in  addition,  suffered  the  mini- 
mum loss.  There  is  a  direct  relation  between  intensive  cultivation, 
fertiUzation,  and  irrigation  and  the  amoimt  of  insect  injury  to  any 
crop,  showing  that  these  operations  are  of  great  value  in  lessening 
insect  damage. 

Dit^ersijication  of  crops. — Sugar  cane  has  been  the  leading  crop  in 
Hawaii  since  the  days  when  the  islands  turned  from  the  sandal-wood 
trade  and  the  whaUng  fleet  as  a  source  of  revenue.  Some  of  the  lands 
have  been  under  cultivation  to  cane  continuously  for  over  twenty-five 
years.  The  time  is  at  hand  when  the  sugar-cane  planters  will  find 
it  both  necessary  and  more  profitable  to  diversify  their  crop.  Some 
lands  at  present  require  a  change  from  sugar  cane,  and  the  lands  which 
are  still  highly  productive  will  also  require  such  a  change  as  the  years 
go  by.  When  the  general  practice'of  inter-cropping  cane  with  other 
plants  does  come,  it  will  have  a  direct  bearing  on  the  control  of  the 
sugar-cane  insects,  the  leafhopper  iqcluded.  The  intermediate  crop 
may  be  one  of  value  in  itself  or  one  to  be  plowed  under  for  green 
manure.  Since  it  is  not  wise  to  cease  the  practice  of  burning  off  the 
trash  after  harvesting  the  cane,  the  planters  can  find  no  cheaper  source 
of  plant  food,  or  no  way  in  which  the  requisite  texture  and  water- 
holding  capacity  of  the  soil  can  be  more  easily  obtained  than  by 
removing  their  lands  from  cane  cultivation  in  regular  rotation  and 
planting  some  nitrogen-gathering  plant  to  be  turned  imder  when  the 
land  is  put  back  into  cane. 

Control  of  the  rind  disease  of  sugar  cane. — ^As  has  been  mentioned, 
leafhopper  injury  is  aggravated  by  the  presence  of  the  rind  disease. 
In  a  discussion  of  the  rind  disease  {Melanconium  sacchari)  Dr.  N.  A. 
Cobb  says:** 

According  to  my  observations  on  thousands  of  cuttings  dug  up  on  some  twenty-five 
plantations  a  considerable  part  of  the  cuttings  in  some  fields  fciil  to  grow  on  account 
of  this  disease,  which,  being  present  in  the  cuttings  when  they  are  planted,  develops 
sufficiently  to  prevent  germination.  This  is  a  difficult  thing  wholly  to  avoid  by 
means  of  inspection  of  the  seed,  as  the  disease  is  sometimes  present  in  cane  that  looks 
sound.  It  may  be  suspected  to  be  present  in  any  cane  that  has  been  attacked  on  the 
stalks  by  leaf-hopper  or  by  borers.  Other  wounds  that  give  admiseion  to  the  rind 
disease  fungus  are  those  made  by  injudicious  stripping,  cracks  at  the  bottom  of  the 
cane  due  to  the  effects  of  storms,  and  what  are  sometimes  called  "growth  cracks." 

a  Cobb,  N.  A. — Fungus  maladies  of  the  sugar  cane,  <Hawaiian  Sugar  Planters' 
Exp.  Sto.,  Div.  Path.,  Bui.  5,  p.  107,  1906. 
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Cane  raised  specially  for  seed  and  not  stripped  until  wanted  for  planting  is  more 
likely  to  be  free  from  insect  punctures,  and  will  therefore  be  less  likely  to  develop 
rind  disease  after  planting. 

Mr.  L.  Lewton-Brain  in  a  report  on  the  rind  disease  thus  describes 
the  relation  between  the  leafhopper  and  the  disease:  * 

Under  field  conditions,  of  course,  the  spores  gain  access  to  the  interior  of. the  plant 
through  natural  wounds.  Perhaps  the  most  abundant  wounds  offered  for  this  pur- 
pose are  leafhopper  pimctures;  even  more  favorable  for  the  fungus  are  the  tunnels  of 
borers,  leading  as  they  do  right  into  the  heart  of  the  sugar-containing  tissue;  other 
wounds  may  be  made  in  stripping;  in  fact,  it  is  a  difficult  matter  to  find  a  stalk  of 
cane  without  a  wound  of  some  sort.  The  spores  are  produced  in  immense  numbere 
on  ev^ry  stick  of  rotten  cane.  They  are  doubtless  distributed  partly  by  the  wind, 
though  the  mucilaginous  substance  by  which  they  are  joined  does  not  favor  this; 
insects  are  certainly  also  important  distributers  of  the  spores,  leafhoppers  will  get 
infected  and  deposit  the  spores  in  their  punctures,  ants  will  carry  them  into  borer 
and  other  woimds  in  their  search  for  food,  flies  may  also  serve  the  fungus  in  the  same 
way. 

The  control  of  the  rind  disease  of  cane  on  the  plantation  will  be 
another  factor  in  reducing  leafhopper  injury.  Since  the  leafhopper 
can  not  be  exterminated  and  the  punctures  from  this  insect  will 
always  occur  on  a  plantation  to  a  greater  or  less  degree,  it  becomes 
particularly  essential  for  the  planter  to  eradicate  the  disease. 

On  the  control  of  the  rind  disease,  Doctor  Cobb  has  the  following 
on  pages  109  and  110  of  his  report  referred  to  above: 

The  number  of  spores  of  this  disease  that  exist  on  every  plantation  is  past  calcula- 
tion, and  almost  inconceivable.  This  abundance  of  the  spores  of  the  disease  tends 
of  course  to  increase  the  losses.  If  there  were  no  spores  tliere  could  be  no -rind  dis- 
ease. Anything  that  can  be  done  to  reduce  the  number  of  spores  will  tend  to  reduce 
the  amoimt  of  the  disease.  Something  can  certainly  be  done  in  this  direction.  Stalks 
dead  of  the  disease  can  be  destroyed,  and  there  can  be  no  doubt  that  in  some  cases 
expenditure  in  this  direction  will  be  well  repaid.  There  can  be  no  doubt  that  the 
collecting  and  complete  destruction  of  the  stalks  on  the  field  would  be  a  paying 
operation.  How  to  destroy  them  is  the  question.  The  ordinary  burning  off  destroys 
only  a  part  of  these  rind  disease  stalks,  leaving  the  rest  untouched  or  only  partially 
roasted,  to  go  on  producing  their  millions  upon  millions  of  spores. 

It  is  the  custom  on  all  the  Hawaiian  plantations  to  leave  on  the  ground  after  harvest 
the  sticks  of  cane  that  have  been  attacked  by  borers  or  are  worthless  for  other  reasons. 
The  reason  for  this  is  easy  to  understand.  Such  material  is  unsuitable  to  the  highest 
efficiency  of  the  mill  as  an  extractor  of  cane  juice.  It  is  also  of  such  a  nature  that 
it  may  interfere  with  the  clarification,  evaporation,  or  crystallization. 

Notwithstanding  this  I  think  it  would  be  advisable  to  consider  whether  this  material, 
which  is  really  a  menace  to  the  health  of  future  crops,  cannot  in  some  way  be  run 
through  the  mill  and  burned.  This  is  a  practice  adopted  in  some  other  parts  of  the 
world.  On  Saturday  afternoons  a  special  run  of  the  mill  is  devoted  to  the  milling  of 
such  refuse  as  I  have  mentioned,  the  ** bagasse"  being  burned.  The  juice  is  allowed 
to  run  to  waste,  being  first  sterilized  by  heat. 

In  Hawaii  it  is  usual  to  attempt  to  bum  this  diseased  material,  but  from  careful 
observation  I  am  certain  that  this  attempt  often  ends  in  failure,  that  is  to  say  the 
disease  that  exists  in  the  waste-cane  is  only  partially  destroyed. 

o  Lewton-Brain,  L.— Rind  disease  of  the  sugar  cane.  <Hawaiian  Sugar  Planters' 
Exp.  Sta.,  Div.  Path.,  Bui.  7,  p.  21,  1907. 
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1 1  may  be  that  it  would  be  better,  at  least  from  the  disease  point  of  view,  if  the 
harvesting  of  the  fields  were  more  in  the  nature  of  a  clean  sweep.  If  the  diseased 
sticks  are  not  too  numerous  they  would  not  seriously  interfere  with  the  working  of 
the  mill.  The  advantage  would  be  that  whatever  diseased  material  was  thus  dealt 
with  would  be  dealt  with  in  the  very  beet  manner,  that  is,  it  would  be  utterly  de- 
stroyed. 

NATt^AL  ENEMIES. 

SpBais  Already  Present  in  the  Islands. 

Many  beneficial  species  of  insects,  already  present  in  the  islands 
at  the  time  of  the  leafhopper  invasion,  adapted  themselves  to  the 
leafhopper  as  a  source  of  food.  The  following  species  were  noted 
during  1903: 

A  ladybird  beetle,  CoccineUa  repanda  Thunb.,  one  of  Mr.  Koebele's 
AustraUan  introductions,  was  particularly  abundant  in  the  cane 
fields  and  the  larva  did  good  work  against  the  young  leafhopj>ers. 
An  enemy  of  this  species,  the  hymenopterous  parasite  CerUistes 
americana  Riley,  has  found  its  way  to  the  islands  and  will  no  doubt 
reduce  the  effectiveness  of  the  ladybird.  The  writer  observed  also 
the  ladybird  Platyomus  lividigoMer  Muls.  in  the  cane  fields.  A 
predaceous  bug,  (EcTudia  griseua  Burm.,  was  found  in  lai^e  numbers 
m  the  infested  cane  fields  on  the  Island  of  Hawaii.  The  larvae  of 
two  lacewing  flies,  Chrysopa  microphya  McLachl.,  and  Anormdochrysa 
sp.,  were  observed  feeding  on  the  young  leafhoppers,  the  first  species 
being  particularly  abundant  in  some  locaUties. 

Several  species  of  spiders  were  abundant  in  the  cane  fields  and 
were  active  enemies  of  the  leafhopper.  The  writer  collected  two 
species,  Tetragnatha  mandibulata  Walck.  and  Adrastidia  nehulosa 
Simon.  On  the  writer's  advice  lai^e  numbers  of  the  egg-nests  of 
spiders  were  collected  in  the  locaUties  where  they  were  abundant 
and  placed  in  sections  where  they  had  not  as  yet  become  established 
in  the  cane  fields.  ^ 

In  the  forest  above  the  Kohala  district,  on  the  island  of  Hawaii, 
the  writer  found  a  fungous  disease  infecting  to  a  great  extent  the 
common  leafhopper  Siphanta  acuta  Walk.,  a  species  belonging  to  the 
same  family  as  the  cane  leafhopper.  Quantities  of  this  fungus 
were  distributed  in  the  cane  fields  in  the  hope  that  it  would  infest 
the  cane  leafhopper.  No  striking  results  were  obtained,  though 
diseased  cane  leafhoppers  were  found  in  some  of  the  rainy  districts. 

Several  species  of  ants  were  very  active  about  the  leafhoppers  in 
the  cane  fields,  the  honeydew  being  an  attraction  to  them. 

Doctor  Perkins  mentions  further  in  his  early  report  a  predaceous 
bug,  Zelus  peregrinus  Kirk.,  and  describes  as  new  a  hymenopterous 
parasite  of  the  leafhopper  under  the  name  Ecthroddpluix  fair- 
chUdii  Perk.** 

a  Perkins,  R.  C.  L.— Bd.  Comrs.  Agr.  and  Forestry,  Hawaii,  Div.  Ent.,  Bui.  l'  4- 
pp.  20-22.  ■     ^ 
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More  recently  the  species  of  beneficial  insects  which  were  already 
present  in  the  islands  when  the  leafhopper  was  introduced  and 
which  have  sought  the  leafhopper  in  the  cane  fields  have  been  reported 
upon  in  detail  by  the  entomologists  of  the  Hawaiian  Sugar  Planters' 
Experiment  Station.^ 

Special  Introductions. 

In  1903  Mr.  Albert  Koebele,  after  consulting  with  Dr.  L.  O.  How- 
ard, undertook  extensive  observations  on  the  American  parasites  of 
leafhoppers.  In  Ohio  Mr.  Koebele  had  the  assistance  of  Mr.  Otto 
H.  Swezey.  A  large  quantity  of  living  material  was  collected  both 
in  Ohio  and  in  California  and  shipped  to  Doctor  Perkins  at  Honolulu. 
The  American  material  consisted  in  the  main  of  insects  belonging 
to  the  hymenopterous  family  Dryinidse.  The  Hawaiian  parasite 
Ecthroddphax  fairchildii  Perkins  is  also  a  member  of  this  family 
and,  at  the  time  of  Mr.  Koebele's  American  introductions,  was 
being  reared  and  distributed  over  the  islands  by  Doctor  Perkins. 
These  introductions  are  discussed  by  Doctor  Perkins  in  Part  I  of 
Bulletin  1,  Division  of  Entomology,  Hawaiian  Sugar  Planters' 
Experiment  Station,  lOOS.** 

Mr.  Koebele  also  collected  during  his  American  investigations 
representatives  of  the  order  Strepsiptera  (Stylopidae)  and  a  single 
species  of  an  egg-parasite,  Anagrus  columhi  Perk.,  belonging  to  the 
family  Mymaridse.  ^ 

In  the  spring  of  1904  Messrs.  Koebele  and  Perkins  sailed  for 
Australia  to  continue  the  search  for  parasites  of  the  leafhopper. 
They  reached  Sydney  in  May  and  because  of  the  cold  weather  which 
prevailed  they  proceeded  to  Brisbane.  The  results  of  the  work  in 
Australia  are  thus  sunmiarized  by  Doctor  Perkins  :<* 

Early  in  June  we  arrived  at  Brisbane,  and  on  the  first  cane  that  we  saw,  a  few  plants 
in  the  public  gardens,  we  at  once  obperved  the  presence  of  the  cane  leaf-hopper.    A 

a  Leafhoppers  and  their  natural  enemies.  <Hawaiian  Sugar  Planters'  Exp.  Sta., 
Div.  Ent.,  Bui.  1. 

Perkins,  R.  C.  L.— Part  I,  pp.  1-60,  May,  1905.    (Ecthrodelphax  fairchildii.) 

Perkins,  R.  C.  L.~Part  IV,  pp.  113-157,  pis.  5-7,  September,  1905.     (Pipunculid».) 

Terry,  F.  W.— Part  V,  pp.  159-181,  pis.  8-10,  November,  1905,  (Forficulidse, 
Syrphidse  and  Hemerobiidse.) 

Swezey,  O.  H.— Part  VII,  pp.  207-238,  pis.  14-16,  December,  1905.  (Orthoptera, 
Coleoptera,  and  Hemiptera.) 

ft  Perkins,  R.  C.  L. — Leafhoppers  and  their  natural  enemies.  <Hawaiian  Sugar 
Planters'  fexp.  Sta.,  Div.  Ent.,  Bui.  1,  Part  I,  pp.  1-60,  May,  1905.    (Dryinidse.) 

c  Perkins,  R.  C.  L. — Leafhoppers  and  their  natural  enemies.  <Hawaiian  Sugar 
Planters'  Exp.  Sta.,  Div.  Ent.,  Bui.  1,  Pt.  Ill,  pp.  86-111,  pis.  1-4,  August,  1905. 
(Stylopidae.) 

Perkins,  R.  C.  L. — Leafhoppers  and  their  natural  enemies,  <Hawaiian  Sugar 
Planters'  Exp.  Sta.,  Div.  Ent.,  Bui.  1,  Pt.  VI,  p.  198,  November,  1905.  {Anagrua 
columbi.) 

<*  Perkins,  R.C.L. — Leafhoppers  and  their  natural  enemies.  <Hawaiian  Sugar 
Planters'  Exp.  Sta.,  Div.  Ent.,  Bui.  1,  introduction,  pp.  iii,  iv.  May,  1906. 
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short  stay  of  about  ten  days  ga\e  ample  proof  of  the  existence  in  Australia  of  a  con- 
siderable variety  of  Hymenopterous  parasites  of  leaf-hoppers,  of  Dipterous  parasites 
of  the  (?enus  Pipuncultu^  and  of  Stylopid  parasites  of  the  genus  Elenchus. 

At  Hundaber^,  about  twelve  hours  by  rail  north  of  Brisbane,  we  spent  another 
ten  days  in  June.  Here  is  an  extensive  cane  district  with  our  leaf-hopper  every- 
where present,  but  never  in  numbers  such  as  we  are  accustomed  to  in  these  islands. 
In  fact  we  never  saw  the  hoppers  nearly  as  numerous  as  they  are  on  our  least  affected 
plantations.  From  ecpp  collected  here  Mr.  Koebele  soon  bred  out  specimens  of  the 
Mymarid  parasites  he  had  felt  so  confident  of  finding. 

From  our  observations  on  the  habits  of  the  cane  leaf-hopper  in  these  islands,  it 
seemed  probable  that  in  tropical  Australia  this  species  would  be  in  its  greatest  num- 
bers in  the  colder  months,  so  after  a  brief  stay  in  Bundaberg,  we  proceeded  north  to 
Cairns,  which  place  we  reached  at  the  beginning  of  July.  This  plan  seemed  very 
expedient,  fcH*  by  retreating  gradually  towards  the  south,  as  the  hot  season  advanced, 
we  hoped  to  prolong  the  season  during  which  natural  enemies  for  the  cane  leaf-hopper 
could  be  obtained.  It  appeared  likely  that  effective  w^ork  could  only  be  done  at 
Cairns  for  a  month  or  two,  since  without  a  reasonably  large  supply  of  hoppers,  it  was 
evident  that  the  parasites  could  not  be  found  in  sufficient  numbers  for  shipment. 
This  indeed  proved  to  be  the  case,  nnd  by  the  end  of  Aiigust,  leaf-hoppers  and  their 
eggs  had  become  so  scarce  in  the  cane  fields,  that  we  came  south  again  to  Bundaberg. 
At  Bundabeig  we  made  a  long  stay  on  this  occasion,  regularly  sending  off  consign- 
ment*; of  parasites,  until  here  too,  owing  partly  to  the  season  and  partly  to  the  harvest- 
ing of  the  crop,  the  locality  became  unprofitable.  After  a  short  stay  in  Brisbane, 
at  the  end  of  the  v  ear,  I  returned  to  Honolulu,  while  Mr.  Koebele  proceeded  to  Sydney, 
where  his  attention  was  largely  given  to  collecting  beneficial  insects  for  pests  other 
than  leaf-hopper.  On  the  return  journey  Mr.  Koebele  spent  one  month  in  Fiji,  tiie 
enemies  of  the  cane-hopper  in  those  islands  being  mostly  similar  to  those  already 
found  in  Australia.  A  fine  consignment  of  the  Chalcid  egg-parasite  {OotetrasticMus) 
of  Ieaf-hop|>er  was  most  important,  as  it  enabled  us  to  establish  that  important  species 
without  any  doubt. 

During  January  and  February,  1906,  Mr.  F.  Muir  continued  the 
work  in  the  Fiji  Islands  begun  by  Mr.  Koebele  in  the  latter  part  of 
1904.  lie  reported  as  follows  concerning  the  Fijian  sugar-cane  leaf- 
hopper  and  its  parasites:^ 

The  Fijian  sugar-cane  leaf-hopper  {PerkinifUlla  litien^is)  I  found  all  over  the  island, 
but  it  does  no  damage,  being  kept  in  check  by  several  natural  enemies. 

The  most  important  of  these  are  the  egg-parasites,  Ootetrastichus,  Anagrus  and 
Paranagrus.  The  first  of  these  was  introduced  from  Fiji  into  Hawaii  by  Mr.  Koebele, 
and  the  other  two  appear  to  me  the  same  as  the  Queensland  species.  In  some  fields 
as  many  as  90  %  of  the  hopper  ejrga  were  parasitized,  but  in  other  fields  it  was  lower. 
Observations  extending  over  my  six  months*  stay,  and  made  at  the  various  pwirts  of 
the  island  visited,  show  that  an  average  of  85  %  of  hopper  eggs  were  destroyed  by 
these  parasites.  These  fic^ures  are  only  approximate,  as  I  have  to  estimate  that  one 
Chalcid  (Ooteirastichy^)  destroys  four  hopper  eggs,  which  is  a  low  estimate.  This 
Chalcid  is  more  numerous,  and  on  account  of  destroying  the  whole  batch  of  hopper 
egsrs,  is  of  very  much  higher  economic  value  than  the  Mymarids. 

o  Muir,  F. — Notes  on  some  Fijian  insects.  ^Hawaiian  Sugar  Planters*  Exp.  Sta., 
Div.  Ent.,  Bui.  2,  p.  3,  November,  1906. 
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The  Australian  and  Fijian  material  has  been  described  in  detailed 
reports  with  elaborate  illustrations  by  Messrs.  Perkins,  Terry,  and 
Kirkaldy.*' 

Regarding  the  effectiveness  of  the  various  parasites  and  enemies  of 
the  leafhopper,  Dr.  Perkins  says:'* 

If  we  consider  the  effectiveness  of  the  four  egg-parasites,  Paranagrus  optabiliSy  P. 
perforator^  Aruigrua  frequens,  and  Ootetrastichus  beatuSj  in  areas  where  all  are  well 
established,  we  must  rate  the  first-named  as  at  present  by  far  the  most  effective.  Aa  I 
have  previously  pointed  out,  this  species  is  capable  by  itself  of  destroying  about  50 
per  cent  of  the  cane-hopper's  ^gs  and  Anagrus  frequens  and  P.  perforator,  extraordi- 
narily numerous  as  they  appear,  where  seen  alone,  are  but  as  isolated  examples  in 
the  crowd,  where  all  are  well  established  in  one  spot.  The  Ootetrastichus  slowly  but 
steadily  increases  in  numbers,  and  on  many  plantations  I  expect  that  it  will  ulti- 
mately be  the  most  efficient  of  all  parasites.  I  do  not  think  that  it  can  show  its  full 
value  till  1908,  for  each  harvesting  of  the  cane  crop  is  necessarily  a  very  great  setback 
tQ  its  natural  increase,  Anagrus  frequens,  under  which  name  are  probably  more  than 
one  species,  or  at  least  one  or  two  distinct  races  of  a  single  species,  although  it  appears 
at  a  disadvantage,  when  in  company  with  Paranagrus  optabilis,  is  nevertheless  a 
most  abimdant  parasite.  In  Part  VI  of  this  Bulletin  I  have  compared  the  habits  of 
the  two  and  need  not  refer  to  the  matter  here,  but  I  may  say  that  as  many  as  eighty 
or  a  hundred  exit  holes  of  the  Anagrus  have  been  counted  in  a  single  cane-leaf,  so 
that  its  great  utility  is  unquestionable.  P.  perforator,  common  in  Fiji,  attacking 
eggs  of  hopper  laid  in  thick  stems  of  grass,  more  rarely  those  in  cane,  will  probably 
gradually  wander  away  from  the  cane-fields  to  attack  the  eggs  of  native  hoppers,  that 
are  laid  in  stems  and  twigs,  as  it  now  chiefly  attacks  the  cane-hopper  eggs  when  these 
are  laid  in  the  stems. 

Nor  must  it  be  forgotten,  what  valuable  aid  these  ^g-parasites  receive  in  the 
control  of  leaf-hopper  from  other  insects  parasitic  and  predaceous,  native  or  introduced. 
In  fact,  had  there  existed  previously  no  restraint  to  the  multiplication  of  the  pest,  no 

ollawaiian  Sugar  Planters'  Exp.  Sta.,  Div.  Ent.: 

Perkins,  R.  C.  L.— Bui.  1,  Pt.  I,  pp.  1-69,  May,  1905  (Dryinidae). 

Perkins,  R.  C.  L.— Bui.  1,  Pt.  II,  pp.  71-85,  figs.  1-3,  June,  1905  (Lepidoptera). 

Perkins,  R.  C.  L.-Bul.  1,  Pt.  Ill,  pp.  86-111,  pis.  1-4,  August,  1905  (Stylo- 

pidfle). 
Perkins,  R.  C.  L.— Bui.  1,  Pt.  IV,  pp.  113-157,  pis.  5-7,  September,  1905 

(PipimculidflR). 
Terry,  F.  W.— Bui.  1,  Pt.  V,  pp.  177-179,  November,  1905  (Syrphid*). 
Perkins,  R.  C.  L.— Bui.  1,  Pt.  VI,  pp.  183-2a5,  pis.  11-13,   November,  1905 

(Mymaridflp,  Platygasteridee). 
Perkins,  R.  C.  L.-Bul.  1,  Pt.  VIII,  pp.  239-267,  pis.  18-20,  January,  1906 

(Hymenoptera). 
KiRKALDY,  G.  W.— Bui.  1,  Pt.  IX,  pp.  269-479,  pis.  21-32,  February,  1906 

(Leafhopper). 
Perkins,  R.  C.  L.— Bui.  1,  Pt.  X,  pp.  4SI-499,  pis.  33-38,  March,  1900  (Hy- 
menoptera, Dlptera). 
KiRKALDr,  G.  W.— Bui.  3,  pp.  1-186,  pis.  1-20,  September,  1907  (I^afhop- 

pers,  Suppl^^ment). 
Perkins,  R.  C.  L. — Bui.  4,  pp.  1-59,  May,  1907  (Parasites  of  Leafhoppers). 
h  Perkins,  R.  C.  L. — Leaf-hoppers  and  their  natural  enemies.     <nawaiian  Sugar 
Planters'  Exp.  Sta.,  Div.  Ent.,  Bui.  1,  introduction,  pp.  xv-xvu.  May,  1906. 
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one  who  htm  paid  the  least  attention  to  such  matters  can  doubt  that  it  would  some  time 
since  have  become  impossible  to  raise  any  crop  of  sugar  cane  in  the  islands.  The  reason 
why  these  natural  enemies  have  not  alone  got  the  upper  hand  of  the  hopper  is  due 
to  various  causes.  In  the  first  place,  a  number  of  the  parasites  such  as  the  Dryinid 
Ectkrodelphax  fairdiildii  and  the  parasitic  flies  of  the  genus  Pipunculus  are  of  local 
occiurrence,  and  in  many  places  cannot  (for  climatic  or  other  unknown  reasons) 
maintain  their  existence.  This  was  well  shown  by  the  behavior  of  the  first-named, 
which  was  distributed  in  thousands  by  the  entomologists  and  the  Plantation  man- 
agers themselves  to  all  the  districts  in  the  islands,  but  in  many  places  did  not  thrive. 
Such,  too,  is  the  case  with  the  predaceous  black  earwig  {ChduocheB  mario)  which,  a 
natural  immigrant  to  the  islands  and  no  doubt  acclimatised  centuries  ago,  is  found 
on  comparatively  few  plantations.  Other  natural  enemies  are  themselves  periodically 
decimated  by  parasites,  as  is  the  case  with  the  introduced  green  cricket  ( Xipkidmm, 
varipenne),  which  has  its  own  egg-parasite  (Paraphelinus).  Other  enemies  like  the 
common  lady-bird  (Coccirulla  repanda)  introduced  by  Koebele  years  ago  for  other 
purp(x*»es,  prey  on  young  leaf-hoppers,  in  default  of  more  favorite  food,  and  this  valu- 
able predator  too  is  itself  subject  to  parasitic  attack  by  the  common  Braconid  (Cen- 
tistes).  At  present  the  whole  number  of  parasites  and  predaceous  insects  that  attack 
cane  leaf-hopper  to  such  an  extent  as  to  render  their  services  worth  noting  is  consid- 
erable, as  the  following  summary  shows. 

The  most  valuable  are  the  four  ^g-parasites,  which  there  is  every  reason  to  hc^ 
will  become  still  more  effective  with  reasonable  time,  one  (OoUtrastidius)  having  as 
yet  had  no  chance  to  show  its  full  effectiveness. 

The  two  Pipunculus  flies  (Pipuncultis  jurtator  ejtd  terryi)  are  restricted  to  certain 
localities  and  are  native  species,  which  have  transferred  their  attacks  from  nati^'e 
Delphacids  to  the  cane  leaf-hopper. 

The  ubiquitous  lady-bird  (Coccinella  repanda)  is  valuable  as  a  destroyer  of  leaf- 
hopper,  though  originally  imported  by  Koebele  to  destroy  Aphis.  It  is  hoped  that 
other  lady-birds,  especially  Verania  atrigula,  may  become  established  and  do  good 
work,  as  in  Australia  and  Fiji,  whence  they  were  imported. 

The  earwig  ChelUoches  morio  is  a  local  species,  but  no  doubt  useful  where  it  exists 
in  numbers. 

The  green  cricket  ( Xiphidiumvaripenne)  is  very  valuable,  but  is  most  unfortunately 
heavily  attacked  at  certain  seasons  by  an  egg-parasite. 

The  Dryinid  Ectkrodelphax  fairchildii  is  locally  valuable.  At  certain  seasons  in 
suitable,  but  limited,  localities,  it  destroys  a  considerable  percentage  of  hoppers. 
Its  services  are  underestimated  because  for  a  large  part  of  the  year  it  lies  as  a  dormant 
larva  in  the  cocoon,  and  parasitized  hoppers  at  such  a  time  are  naturally  hardly  to  be 
found. 

There  are  many  other  natural  enemies  of  more  or  less  importance,  e.  g.  the  various 
predaceous  Hemiptera,  and  the  several  lace- wing  flies  (Ckrysopinss). 

In  addition  to  these  insect  enemies,  we  must  mention  the  two  fungous  diseases  of 
hoppers  (amounting  locally  and  at  certain  seasons  to  epidemics)  which,  long  previ- 
ously known  to  kill  the  native  leaf-hoppers,  have  become  transferred  to  the  introduced 
pest.  We  also  found  one  or  more  fungous  diseases  attacking  leaf-hopper  e^s  in  Fiji 
and  Australia  in  all  localities.  With  material  imported  from  these  countries,  I  easily 
infected  eggs  of  the  cane  leaf-hopper  under  cover,  and  subsequently  established  the 
fungus  at  large  in  the  field.  As  it  was  most  probable  that  parasitized  and  healthy 
hopper  eggs  would  be  affected  alike  by  the  disease,  and  consequently  many  of  the  egg- 
parasites  would  be  destroyed,  it  became  a  subject  of  discussion  whether  we  should 
attempt  to  establish  the  fungus  or  not.  As,  however,  throughout  Australia^  the 
fungus  and  parasite  both  attacked  the  eggs,  Mr.  Koebele  was  of  opinion  that  we 
should  try  and  establish  the  same  conditions  here.    Consequently  with  the  first 
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c&gee  sent  to  the  plantations  the  cane  cuttings  and  the  cane  itself  were  well  sprayed 
with  water  containing  spores  of  the  fungous  disease,  so  that  these  would  be  certainly 
carried  abroad  by  the  emerging  hoppers  and  parasites.  I  imagine  there  is  no  doubt 
as  to  this  disease  becoming  established  in  all  suitable  localities. 

In  speaking  of  the  necessity  for  the  continued  propagation  and  dis- 
tribution of  the  introduced  parasites  of  the  leafhopper,  Doctor 
Perkins  reports  as  follows:** 

Owing  to  the  manner  in  which  cane  is  cultivated  in  these  islands,  the  entomologii«t 
working  along  the  lines  that  have  been  adopted  to  control  the  leaf-hopper  pest,  meets 
with  a  serious  obstacle  such  as  is  not  encountered  in  dealing  with  insects  injurious  to 
our  other  vegetation.    I  refer  here  to  the  universal  custom  of  burning  off  the  trash  over 
great  acreages,  after  the  crop  has  been  harvested.    I  have  been  told  that  on  the  Colo- 
nial Sugar  Refining  Company's  estates  in  Australia  no  such  burning  off  is  allowed.    If 
this  is  correct,  it  may  help  to  account  for  the  insignificant  numbers  of  our  cane-leaf 
hopper  there,  as  well  as  of  several  other  insects  of  the  same  group,  which  are  fortunately 
not  known  in  our  cane  fields.    As,  however,  burning  of  trash  is  an  established  fact  here, 
it  becomes  necessary  to  see  what  steps  can  be  taken  to  provide  against  this  serious  disad- 
vantage.   I  will  first  show  whereof  this  disadvantage  consists.    The  parasitic  enemies 
of  the  leaf-hopper  are  mostly  delicate  and  minute  creatures,  not  accustomed  to  take 
prolonged  flights.    Their  wings  serve  well  to  bear  them  from  plant  to  plant,  but  for  fur- 
ther distribution  they  are  dependent  on  air-currents.    If  when  a  field  of  cane  is  cut  the 
wind  blows  towards  another  cane  field,  no  doubt  some  or  many  parasites  will  reach  it, 
but  if  otherwise,  probably  none  will  do  so.     In  burning  over  a  field  it  is  quite  certain 
that  almost  every  parasite  yet  present  will  be  destroyed,  but  the  adult  leaf-hoppers  on 
the  other  hand  are  well  able  to  take  care  of  themselves.    Wlien,  as  an  experiment,  a 
patch  of  about  nine  acres  of  cane,  so  heavily  attacked  by  leaf-hopper  as  to  be  useless, 
wai  set  on  fire  all  around  to  destroy  these,  it  was  noticed  that  the  adult  hoppers  rose 
from  the  cane  in  a  cloud  and  spread  to  other  fields;  so  this  plan  for  destroying  them  was 
of  no  value.     I  have  in  an  earlier  publication  shown  how  quickly  the  leaf -hoppers 
spread  to  new  fields  of  very  young  cane,  and  with  what  regularity  they  distribute  them- 
selves over  the  young  plants.    It  cannot  be  hoped  that  the  parasites  will  (except  under 
rare  and  fortuitous  circumstances,  such  as  constant  favorable  winds)  spread  themselves 
in  like  manner,  and  in  the  same  time.    Yet  it  is  essential  that  the  parasites  should  be 
on  the  spot  when  the  leaf-hopper  begins  to  lay  in  order  to  secure  proper  control.    If  the 
supply  of  laying  hoppers  at  the  beginning  of  the  great  breeding  season  is  very  small,  it 
means  that  there  is  not  time  for  the  attack  to  become  serious  before  that  season  is  over. 
It  is  when  the  hopper  is  least  abundant,  that  one  wants  to  be  assured  that  it  is  being 
attacked  by  all  possible  enemies.    When  a  field  is  already  seriously  injured  and 
swarming  with  hoppers,  not  much  immediate  help  can  be  given  for  obvious  reasons.    It 
will  be  easier  to  prevent  such  a  condition  than  to  find  a  remedy.    If  one  could  provide 
that  in  each  large  area  of  cleared  land,  ready  for  planting,  there  should  be  in  the  middle 
a  small  patch  of  some  variety  of  cane  most  susceptible  to  the  attack  of  leaf-hoppers, 
that  this  cane  should  be  kept  well  stocked  with  these,  and  with  a  variety  of  parasites 
and  predaceous  insects,  and  itself  be  of  suflBcient  growth  to  afford  good  shelter  to  all 
these,  the  condition  from  an  entomological  standpoint  would  be  ideal.    This  patch  of 
cane,  being  already  of  suitable  age  and  growth  and  stocked  as  aforesaid,  at  the  time 
the  much  younger  cane  of  the  rest  of  the  field  began  to  be  infested  with  hoppers,  would 

«  Perkins,  R.  C.  L. — Leaf-hoppers  and  their  natural  enemies.    <Hawaiian  Sugar 
Planters'  Exp.  Sta.,  Div.  Ent.,  Bui.  1,  introduction,  pp.  xvm-xxi,  May,  1906. 
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daily  be  distributiiig  thouaandfl  of  natural  enemke,  that  should  control  these.  Al- 
though such  a  plan  or  modification  of  it  might  be  adopted  on  some  plantations^  on 
others  (at  least  such  as  are  under  irrigation)  it  would  either  be  difiScult,  or  altogether 
impracticable.  Only  in  the  case  of  some  fields  of  long  ratoons  would  the  matter  be  very 
simple,  when  a  small  area  of  the  original  ratoon  growth  in  each  field  could  be  left  uncut, 
and  if  well  supplied  with  hoppers  and  their  natural  enemies  would  serve  later  on  to 
stock  the  rectt  of  the  field.  Unfortunately,  owing  to  the  fact  that  ratoons  aie  (except  in 
unusual  cases)  not  severely  attacked  as  compared  with  plant-cane,  this  matter  becomes 
one  of  minor  importance.  Otherwise,  in  the  majority  of  cases,  owing  to  the  clearing  ci 
larpe  areas  and  the  burning  of  trash,  it  is  probable  that  new  fields  will  have  to  be  sup- 
plied by  cages  similar  to  tho(<e  already  used.  Two  things  will  be  absolutely  necessary: 
(1)  that  the  new  fields  be  well  supplied  with  parasites;  (2)  that  they  be  stocked  imme- 
diately the  hoppers  enter  them  and  commence  laying.  This  plan,  thou^  less  sati^w^ 
tory  than  would  be  the  other  method,  is  nevertheless  simple,  and  does  not  call  for 
much  expenditure  of  time,  nor  for  skilled  labor.  The  one  thing  necessary  to  be  posi- 
tively ascertained  is  that  the  spot  whence  the  cuttings  for  distribution  are  taken  is  well 
supplied  with  all  the  kinds  of  parat^ites  that  it  is  desired  to  establish  in  new  fields.  It 
ia  now  well  known  to  us  that  all  these  destroyers  are  not  yet  established  in  all  paru  of 
all  plantations,  and  therefore  at  present  unless  an  entomologist  previously  test  samples 
from  the  spot,  whence  distribution  is  to  be  made,  it  is  quite  likely  that  some  of  the 
most  valuable  parasites  will  not  be  taken  to  the  new  fields.  If  a  sample  be  submitted 
to  the  entomologists,  it  can  be  passed  as  fit  to  supply  all  necessary  parasites  to  new 
fields,  or  if  not,  cages  of  the  deficient  species  can  always  be  supplied  from  the  cane  in 
the  grounds  of  the  Experiment  Station  in  Honolulu.  As  the  parasites  are  continually 
spreading  and  increasing,  such  expert  examination  will  at  the  most  be  necessary  for  a 
year  or  two;  for  it  is  perfectly  certain  that  by  that  time  all  the  species  will  be  so  gen- 
eral that  it  will  be  quite  impossible  to  take  any  extensive  sample  of  cane-leaves  that 
bear  egps  of  leaf -hopper,  which  will  not  contain  all .  Such  in  fact  is  now  the  ca?e  in  the 
cane  at  the  Experiment  Station.  To  pum  up,  the  clearing  of  all  cane  from  large  acre- 
ages is  a  decided  obstacle  to  the  complete  success  of  natural  enemies  of  leaf-hopper,  and 
the  burning  of  trash  aggravates  the  difficulty.  As  an  offset  to  these  conditions  new 
fields  fc^hould  be  supplied  artiGcially  with  natural  enemies,  and  they  should  be  supplied 
as  soon  as  any  leaf -hoppers  enter  them.  Of  course  future  observation  may  prove  this 
distribution  unnecessary,  but  for  the  present  it  t=hould  be  adopted. 

RELATED    SPECIES. 

The  Hawaiian  sugar-cane  leafhopper  does  not  occur  on  the  maiTdani 
of  the  United  States.  The  insect  is  closely  related  to  the  com  leaf- 
hopper  (Dicranotropis  maidis  Ashm.),  common  on  com  in  the  South- 
em  States.*  A  West  Indian  species  of  leafhopper  is  recorded  as  inju- 
rious to  sugar-cane,  by  Westwood,  in  1841,  under  the  name  Ddphai 
saccTianvora  and  is  a  member  of  the  same  family  of  insects  as  the 
Hawaiian  sugar-cane  and  the  corn  leafhoppers.*  Three  further  spe- 
cies of  this  same  family,  the  Fulgoridae,  are  recorded  as  sugar-cane 
pests  in  Java  by  W.  van  Deventer.^ 

o  QuAiNTANCE,  A.  L.— Fla.  Agr.  Exp.  Sta.,  BuL  45,  1898. 

b  Westwood,  J.  O.— Mag.  Nat.  Hist.,  vol.  6,  p.  407, 1841. 

c  Phenice  maculosa^  Dicranotropis  vastatrix,  and  Eumetopina  krUgeri.  Van  Devent^, 
Handbook  ten  dienste  van  de  Suikerriet-cultuur  en  de  Rietsuiker-Fabricage  op  Java, 
II.  De  Dierlijke  vijanden  van  bet  Suikerriet  en  hunne  Parasieten.  Anasterdam, 
pp.  167-169,  1906. 
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THE  HAWAnAN  BUOAB-CANE  BORER. 

([S phenophonui]  RhabdocnemU  obtcurus  Boisd.) 
GENERAL   CHARACTERISTICS. 

The  siie^ar-cane  ** borer*'  {[SpTienopTiorus]  Rhabdocnemis  obscurus 
Boisd.)  (fig.  4) ,  infesting  the  cane  stalk  in  Hawaii  is  the  grub  of  a  beetle 
belonging  to  the  weevil  family  Calandridae.  The  sugar-cane  stalk- 
borer  of  the  southern  United  States  is  the  caterpillar  of  a  moth, 


Fio.  4.— The  Hawaiian  sugar-cane  borer  ([Sphtnophorus]  Rhabdocnemis  obscuruji):  1,  EgRS,  natural  size, 
f.  Eggs  in  situ,  inut'h  onlartieil:  a,  Section  of  e^'p  pa-vsape  with  e^R,  c;  b,  e^'i:  placed  unusually  near  the 
rind,  d.  S,  Larvie,  just  hatched  and  older,  natural  size.  4,  Full-grawn  larva,  natural  size.  5,  Larva, 
side  view,  enlarged :  a,  Spinicles;  b.  cervical  shield.  6,  Larva,  front  view,  enlarged.  7,  Pupa,  enlarged; 
a.  Rostrum  or  beak;  b,  antenna;  c,  elytron  or  wing  cover;  d,  folded  wing.  8,  Pupal  case  or  cocoon, 
enlarged.    5,  Adult,  enlarged.    (After  Terry.) 

Diatrsea  saccharalis  Fab.  Entomologically  the  two  species  are 
widely  separated,  belonging  to  entirely  different  orders  of  insects,  but 
in  the  character  of  their  injury  to  the  cane  stalk  these  two  insects 
are  (luite  similar — that  is,  they  both  develop  within  the  cane  stalk,  and 
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by  feeding  on  the  interior  cause  great  destruction  to  the  plant.  Com- 
paratively, the  Hawaiian  borer  is  more  destructive  and,  because  of  the 
habits  of  the  adult,  a  more  persistent  species  to  combat.  The  adult 
beetle  of  the  Hawaiian  borer  is  a  stronger  flyer  than  the  adult  moth 
of  the  mainland  borer  and  therefore  has  a  wider  range  over  any 
infested  territory.  As  the  adult  of  the  Hawaiian  borer,  too,  can 
emerge  from  any  reasonable  depth  when  buried  in  the  soil,  this 
renders  the  question  of  infested  seed  cane  a  serious  one  in  Hawaii, 
while  on  the  mainland  the  careful  covering  of  infested  seed  cane  is 
effective  in  preventing  the  emergence  of  the  adult  moth.  These 
points  are  mentioned  to  bring  out  the  fact  that  we  are  discussing 
here  a  species  in  no  way  related  to  the  cane  borer  of  the  Southern 
States  and  in  many  ways  not  subject  to  the  same  means  of  control. 

[Sphenophoms]  Metamasius  sericeus  Oliv.  is  a  species  injurious  to 
cane  in  the  West  Indies,  being  recorded  from  Jamaica,  Barbadoes, 
St.  Kitts,>  Antigua,  St.  Lucia,  and  British  Guiana. 

In  Porto  Rico  Sphenophorua  sexguttatus  Drury  is  recorded  by  Busck* 
as  boring  in  the  stalks  of  sugar  cane. 

DISTRIBUTION. 

The  sugar-cane  borer  of  Hawaii  is  recorded  also  from  Fiji,  New 
Guinea,  New  Ireland,  Taliiti,  Queensland,  and  the  Malay  Arcliipelago 
and  i)robably  occurs  pretty  generally  throughout  the  islands  of  the 
southern  Pacific. 

OCCUBRENCE   IN   HAWAH. 

This  species  is  a  pest  of  long  standing  in  the  islands.  The  insect  is 
recorded  from  the  Island  of  Oahu  in  1885  by  the  Rev.  Thomas  Black- 
bum,'*  who  found  the  species  breeding  in  the  stems  of  bananas  in  the 
mountains,  and  the  files  of  the  Bureau  (then  Division)  of  Entomology, 
record  the  receipt  of  the  borer  from  the  Hawaiian  Islands,  as  early  as 
1888.^  It  is  beUeved  that  the  sugar-cane  borer  was  introduced  into 
the  islands  from  Tahiti  in  the  steins  of  the  banana  plant  during  the 
early  communications  between  the  Hawaiian  Islands  and  those  of 
the  South  Seas.  Hon.  H.  P.  Baldwin,  of  Puunene,  Maui,  informed 
the  writer  that  to  his  personal  knowledge  the  beetle  was  injurious  to 
sugar  cane  in  the  vicinity  of  Lahaina,  the  ancient  capital  of  the 
islands,  as  early  as  1865. 

Aside  from  the  banana  plant  and  sugar  cane,  the  beetle  infests  the 
coconut  palm,  the  sago  palm,  the  royal  palm,  the  wine  palm,  {Cory- 
Ota  urens),  and  the  papaia  {Carica  papaya). 

o  U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.  22,  p.  89,  1900. 

l>  Blackburn,  Rev.  T.,  and  Sharp,  D. — Memoirs  on  the  CJolepptera  of  the  Hawaiian 
Islands.     <Sci.  Trans.  Roy.  Dublin  Soc.,  2  ser.,  vol.  3,  pp.  119-290,  pi.  1, 1886. 
c  General  Notes,  Bureau  of  Entomology,  No.  4332b. 
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Until  the  recent  injury  by  the  leafhopper  {PerkinsieUa  saccTwHcida) 
the  sugar-cane  borer  was  the  principal  insect  affecting  cane  in  the 
islands. 

The  species  was  determined  by  the  Bureau  of  Entomology  at 
Washington,  D.  C,  in  1888  from  specimens  forwarded  by  the  late 
King  Kalakaua  and  was  discussed  under  the  title  ''The  Sandwich- 
Island  Sugar-cane  Borer,"  in  Insect  life,  vol.  1,  No.  6,  pages  185-189, 
December,  1888. 

In  1896  Mr.  Koebele  gave  the  following  record  on  the  work  of 
the  borer  in  Hawaii:  " 

This  may  be  classed  as  the  most  injurious  enemy  of  the  sugar  cane  present  on  these 
islands.  Its  ravages  will  exceed  those  of  all  other  insects  combined.  Its  attacks  on 
the  sugar  cane,  however,  seem  confined  to  the  more  damp  localities,  whilst  in  drier 
places,  such  as  Lahaina,  the  borer  is  hardly  noticed.  I  have  been  informed  that  the 
Lihue  Plantation  has  recently  suffered  severely  from  the  attacks  of  the  borer.  Not 
only  sugar  cane  is  damaged  by  this  insect,  but  many  other  plants  are  damaged  by  it, 
chiefly  the  bananas  and  cocoanuts.  A  grove  of  the  latter  was  shown  me  in  Hilo,  in 
1894,  that  was  badly  infested  by  the  beetles.  Setting  fire  to  the  dry  leaves  was  rec- 
<»nmended;  this  was  done  and  the  plants  have  since  entirely  recovered.  Dying 
cocoanut  palms  were  examined  and  in  the  tender  heart  of  the  palm  were  found  great 
numbers  of  the  insects,  in  all  stages. 

More  recently  (1907)  Mr.  F.  W.  Terry  has  discussed  the  sugar-cane 
borer  in  the  Hawaiian  Islands  in  a  circular  of  the  Hawaiian  Sugar 
Planters'  Experiment  Station.^ 

LIFE   HISTORY    AND  HABITS. 

The  ^gs  are  found  beneath  the  epidermis  of  the  cane  stalk,  or 
more  rarely  in  the  tissue  of  the  leaf  sheath,  having  been  placed  singly 
in  small  cavities.  The  cavity  is  made  by  the  female  with  her  proboscis 
before  depositing  the  egg. 

The  young  grub  or  larva,  on  hatching  from  the  egg,  bores  on  into 
the  stalk  of  the  cane,  completely  honeycombing  the  interior  with 
tunnels  running  lengthwise  with  the  stalk  (see  fig.  5).  The  evidence 
of  its  work  is  not  indicated  by  the  outward  appearance  of  the  stalk. 
Many  times  a  stalk,  seemingly  in  a  normal  condition,  is  found  on 
examination  to  be  utterly  destroyed.  The  life  of  the  borer  within 
the  stalk  of  the  cane  is  estimated  to  be  about  seven  weeks  by  Mr. 
Koebele,^  who  points  out  the  fact  that  the  length  of  the  larval  life 

o  Koebele,  Albbbt. — Report  on  insect  pests.  <Hawaiian  Planters'  Monthly,  vol. 
15,  no.  12,  p.  590,  December,  1896. 

h  Terry,  F.  W.—Hawaiian  Sugar  Planters*  Exp.  Sta.,  Div.  Ent.,  Cir.  3,  pp.  22, 
plates  2,  fig.  1,  December,  1907. 

c  Koebele,  Albert. — ^Hawaiian  Planters'  Monthly,  vol.  19,  no.  11,  p.  520, 
November,  1900. 
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Pio.  5.— Work  of  the  Hawaiian  sugar- 
cane borer  In  sugar  cane  '.a,  a,  a,  Emer- 
gence holes  made  by  the  larva  before 
pupation;  b,  b,  ''rupture"  holes,  ap- 
parently accidental  and  made  by  the 
larva  while  feeding;  c,  holes  made  by 
the  female  borer  for  the  reoeptbon  of 
her  eggs;  d,  coooon;  e,  larva;  /,  /, 
*'frass*'  or  undigested  oane  aber, 
passed  by  the  larva.  One-half  natural 
fliae.    (Attar  Torry.) 


depends  to  a  great  extent  upon  the  con- 
dition of  the  food  plant  and  chmatic 
conditions;  that  is,  tlie  development  will 
be  more  rapid  in  softer  cane  and  during 
the  wann  sunmier  months  than  during  the 
low  temperatures  of  winter. 

Wlien  ready  to  pupate — that  is,  to  trans- 
form to  the  inactive  stage  preparatory  to 
emerging  from  the  stalk  as  an  adult 
beetle — the  larva  (fig.  5,  a)  forms  about 
itself  a  cocoon  (fig.  5,  ft)  from  the  fiber  of 
the  stalk  within  the  tunnels  it  has  made 
in  feeding.  The  adult  beetle  on  issuing 
from  this  cocoon  bores  its  way  through 
the  side  of  the  stalk  to  the  exterior,  and 
this  opening  in  the  lower  joints  of  the  cane 
is  the  first  distinct  symptom  of  the  pres- 
ence of  the  borer.  The  length  of  the 
pupal  period  is  as  variable  as  that  of  the 
larval,  the  average  time  for  transforma- 
tion and  emergence  being  from  two  to 
three  weeks. 

The  beetles  are  night  flying  and  hide 
during  the  day  down  within  the  sheaths 
of  the  lower  leaves.  The  softer  varieties 
of  cane  are  more  subject  to  attack  than 
the  hardier  varieties,  and  the  borer  is  more 
abundant  in  the  wet  districts  than  in  the 
dry.  Cane  which  has  received  an  abun- 
dant supply  of  water  by  irrigation  suflFers 
more  from  the  work  of  the  borer  than  un- 
irrigated  cane.  The  borers  occur  in  the 
largest  numbers  in  young  cane  and  the 
suckers  are  infested  to  a  much  greater 
degree  than  the  stalks.  The  borers  always 
occur  in  the  largest  numbers  in  the  vicinity 
of  the  track  used  to  haul  cane  to  the  fac- 
tory, issuing  from  infested  stalks  that  have 
dropped  from  the  cars  and  have  not  been 
collected  and  destroyed  afterwards. 

The  borer  is  a  strong  flyer  and  spreads 
from  field  to  field  in  this  manner.  It  is  dis- 
tributed  in  infested  seed  cane  and  also 
develops  from  the  stalks  left  in  the  field 
after  harvest  or  dropped  from  the  wagons 
or  cars  in  hauling  to  the  factory. 
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CONTROL   MEASURES. 
Selection  of  Varieties  for  Planting. 

As  has  been  mentioned,  the  softer  varieties  are  more  subject  to 
attack  than  the  hardier  ones.  The  Yellow  Caledonia,  a  variety 
which  is  replacing  to  a  great  extent  the  common  Lahaina  and  Rose 
Bamboo  in  Hawaii,  is  injured  to  a  much  less  extent  than  other 
varieties.  The  infestation  is  not  necessarily  less  in  Yellow  Caledonia, 
but  the  borer  meets  with  greater  resistance  in  its  feeding  and  conse- 
quent development  because  of  the  firmness  of  the  fiber. 

Irrigation. 

Excessive  irrigation  favors  the  development  of  the  pest,  since 
cane  in  a  succulent  condition  is  more  easily  infested  by  the  borer 
and  its  development  within  the  stalk  is  more  rapid.  It  is  plain  that 
in  fields  heavily  infested  by  the  borer  the  minimum  amount  of  water 
should  be  used  in  irrigation. 

Burning  op  Trash. 

The  burning  of  trash  after  harvesting  the  cane  is  the  most  effectual 
method  of  keeping  the  borer  in  check.  In  this  practice  not  only 
should  the  fields  be  burned  over,  but  all  the  unbumed  stalks  left  in 
the  fields  and  all  stalks  dropped  from  carts  and  cars  along  the  roads 
and  tracks  used  in  hauling  the  cane  to  the  factory  should  be  collected 
and  burned.  One  plantation  found  it  necessary  to  collect  such 
stalks  in  piles  and  use  crude  oil  on  them  in  order  to  destroy  them 
completely,  and  by  a  careful  estimate  of  the  labor  and  cost  of  mate- 
rial found  that  the  money  had  been  well  invested,  as  was  shown  by 
the  reduction  in  the  numbers  of  borers  in  the  fields  the  following 
season. 

Selection  of  Noninfested  Seed  Canb. 

The  Hawaiian  sugar-cane  borer  is  able  to  emerge  to  the  surface 
from  any  reasonable  depth  when  planted  with  seed  cane.  For  this 
reason  great  care  should  be  exercised  in  the  selection  of  cane  for 
planting  purposes,  since  new  areas  can  in  this  way  be  readily  stocked 
with  the  pest.  It  is  not  practical  to  treat  successfully  cane  infested 
with  the  borerj  since  the  borer  is  fully  protected  within  the  stalk. 
Therefore,  next  in  importance  to  the  thorough  burning  of  all  trash 
after  harvest  is  the  selection  of  noninfested  seed  cane. 

PiCKINO  AND  BaITINO. 

The  most  effective  direct  measure  employed  against  the  cane 
borer  is  the  collecting  of  the  adults  during  the  daytime  from  their 
hiding  place  within  the  lower  leaf  sheaths.    The  supply  of  labor  will 
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influence  the  ability  to  use  this  method.  The  method  is  more  feasible 
where  the  plantation  is  so  situated  that  women  and  children  can  be 
employed  for  the  work.  Care  should  be  exercised  in  this  work  in 
order  that  the  growing  leaves  may  not  be  broken  down.  It  is 
obvious  that  a  larger  number  of  beetles  will  be  collected  when  the 
wages  are  based  on  the  numbers  collected,  but  the  results  are  more 
satisfactory,  as  regards  breaking  down  the  cane,  when  the  wages  of 
the  laborers  are  fixed  at  a  certain  amount  per  day. 

In  the  Fiji  Islands  a  method  of  baiting  the  beetles  is  employed, 
which  consists  of  splitting  cane  stalks  and  placing  pieces  about  the 
edges  of  the  field  and  within  the  rows  at  certain  intervals.  The 
method  as  practiced  in  Fiji  is  thus  described  by  Mr.  Koebele.° 

At  the  request  of  the  Colonial  Sugar  Company  we  looked  into  the  matter  with  a 
view  of  getting  rid  of  the  beetles  the  best  way  possible;  all  sorts  of  devices  were  em- 
ployed and  none  worked  better  than  pieces  of  split  cane  about  12  inches  long,  placed 
along  the  edges  of  the  field  and  through  the  same  at  intervals  of  12-18  feet;  thus  with 
seven  little  Indian  girls,  I  collected  over  16,000  beetles  in  some  four  hours,  and  the 
same  little  girls  alone  brought  in  the  following  noon  over  26,000  beetles. 

This  method  was  kept  up,  and  followed  on  all  the  plantations  for  the  next  three 
years,  or  imtil  no  more  of  the  borers  could  be  found.  Tons  of  the  same  were  brought 
in  at  the  Nausori  mill  alone,  and  the  expenses  of  collecting  were  practically  nothing 
compared  to  the  cost  at  Lihue,  where  such  work  has  to  be  done  by  the  day  laborers. 
About  four  cents  per  pint  of  the  insects  was  paid  to  the  children.  The  result  has  been 
highly  satisfactory,  for,  ever  since  the  last  five  years,  the  cane  borer  has  not  been  a 
pest  in  those  islands. 

An  important  point  regarding  this  split  cane  is  that  the  female 
usually  infest  these  pieces  heavily  with  eggs  and  the  young  resulting 
grubs  bore  into  the  split  stalks  and  perish  as  the  pieces  of  cane  become 
dry.  In  dry  localities  the  pieces  of  split  cane  should  be  placed  in  the 
irrigation  ditches  during  the  day  and  placed  out  as  bait  in  the  even- 
ing, otherwise  they  dry  out  rapidly  and  cease  to  attract  the  beetles. 

RELATED  SPECIES. 

The  Hawaiian  sugar-cane  borer  is  represented  in  the  United  States 
by  the  *'com  bill-bugs,"  of  the  genus  Sphenophorus,  several  species 
of  which  in  the  adult  stage  attack  the  leaves  of  com,  but  rarely  breed 
in  the  stalk  of  com  as  does  the  Hawaiian  Sphenophorus  in  the  stalk 
of  cane.  The  Hawaiian  cane  borer  does  not  occur  on  the  mainland  of  the 
United  States. 

a  KoEBELE,  ALBERT. — Hawaiian  Planters*  Monthly,  vol.  19,  no.  11,  p.  522,  Novem- 
ber, 1900. 
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THE  HAWAHAN   SUGAB-CANE   LBAF-BOLLEB. 

(Omiodes  accepta  Butl.)    (Plate  III.*) 

EARLY   HISTORY   IN   THE   HAWAIIAN   ISLANDS. 

During  the  investigations  relating  to  the  leafhopper  in  1903  the 
writer  found  the  Hawaiian  sugar-cane  leaf-roller,  the  caterpillar  of 
a  native  moth,  doing  serious  damage  to  cane  in  the  upper  fields  of 
plantations  in  the  Kohala  district,  Island  of  Hawaii.  The  larv» 
were  collected  also  from  Hilo  grass  (Paspalum  conjugatum)  growing 
wild  above  the  cane  areas.  The  species,  primarily  a  grass  feeder, 
occurs  in  the  higher  altitudes  and  invades  the  bordering  fields  from 
these  locations.  It  is  recorded  by  Meyrick  **  in  1899  from  the  islands 
of  Hawaii,  Maui,  Molokai,  and  Kauai  at  elevations  ranging  from 
1,500  to  5,000  feet.  The  caterpillar  was  described  for  the  first  time 
by  Dr.  II.  G.  Dyar,  of  the  United  States  National  Museum,  from 
specimens  collected  by  the  writer  on  cane  in  the  Kohala  district.  * 

Swezey  states  that  the  leaf-roller  occurs  on  practically  all  of  the 
plantations  of  the  islands,  but  is  less  abundant  in  the  dry  districts. 
Regarding  its  injury  he  says:^ 

It  is  present  in  some  fields  of  cane  sometimes  in  8uch  large  numbers  as  to  do  consid- 
erable damage ;  in  fact,  cases  have  been  reported  where  the  young  cane  has  been  entirely 
stripped  of  leaves.  Such  instances  are  not  numerous,  however,  and  even  in  the  worst 
cases  would  not  result  in  entire  destruction  of  the  crop  of  cane  as  it  would  grow  again 
after  the  caterpillars  had  obtained  their  growth,  or  their  parasites  had  got  them  checked. 
It  is  not  usually  to  be  considered  a  serious  pest.  Possibly  it  is  not  so  abundant  now 
afl  it  was  a  few  years  i^o  when  reports  were  made  of  cane  fields  having  been  entirely 
stripped  by  them. 

At  present  there  are  a  number  of  parasites  preying  upon  this  species  and  this  keeps 
them  well  in  check. 

In  this  same  report,  page  10,  the  author  describes  the  habits  of  the 
caterpillar  as  follows: 

On  sugar  cane  the  very  young  larvse  feed  in  the  crown  of  the  plant  where  the  yoimg 
leaves  have  not  yet  unrolled.  They  are  thus  protected  between  the  natural  rolls  of 
the  leaf;  later  on  they  roll  over  the  margin  of  a  leaf  forming  a  tube  for  their  '*  retreat. " 
When  nearly  full  grown,  they  are  usually  foimd  in  tubes  towards  the  tip  of  the  upper 
leaves.  These  tubes  are  easily  observed  if  the  ragged  leaves  where  the  larvae  have 
fed,  are  examined.  The  work  of  the  smaller  larvse  shows  as  oval  or  elongate  dead 
spots  on  leaves  which  have  unrolled  in  the  growing  of  the  cane  after  the  young  larvse 
have  fed  upon  them. 

When  distiurbed  in  its  retreat,  as  by  its  being  torn  open,  or  violently  shaken,  or 
jaired,  the  larva  wriggles  verylively  and  drops  to  the  ground  for  escape.   This  habit  is 

o  Metrick,  E. — Fauna  Hawaiiensis,  vol.  1,  Pt.  II,  p.  204,  1899. 

ft  Dyar,  H.  G. — Note  on  the  larva  of  an  Hawaiian  pyralid  {Omiodes  accepta  Butler). 
<Proc.  Ent.  Soc.  Wash.,  vol.  6,  no.  2,  p.  65,  1904. 

c  SwEZEY,  Otto  n.— The  sugar-cane  leaf-roller,  Omiodes  accepta.  <Hawaiian 
Sugar  Planters'  Exp.  Sta.,  Div.  Ent.,  Bui.  5,  p.  7,  August,  1907. 
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probably  to  escape  from  pansites,  many  of  which  prey  upon  them.  The  retreat  whkh 
it  constnictA  is  undoubtedly  for  the  same  purpoee,  as  well  as  for  protection  from  wasps 
and  birds  which  prey  upon  it. 

The  caterpilhirs  are  full  grown  in  about  three  weeks  from  hatching.  They  molt 
five  times  at  intervals  of  about  three  to  five  days,  and  five  to  seven  days  between  the 
fifth  molt  and  the  spinning  of  the  cocoon  and  pupation.  Pupation  takes  place  within 
a  slight  cocoon  of  white  silk  in  the  "retreat**  where  the  caterpillar  has  lived;  how- 
ever, the  cocoon  is  sometimes  made  beneath  the  leaf -sheaths  of  cane,  and  in  other 
^vorable  places. 

CONTROL  MEASURES. 

No  special  remedies  are  employed  in  cane  fields  ag^nst  this  pest 
Swezey  suggjesta  that  in  fields  of  young  cane  a  spray  of  Paris  green 
or  arsenate  of  lead  might  be  used  with  effect,  and  mentions  that  at 
times  laborers  have  been  sent  over  the  field  to  pinch  the  caterpillars 
m  their  retreat  between  the  folded  cane  leaves. 

PARASITES. 

The  species  is  attacked,  fortunately,  by  several  introduced  para- 
sites. Regarding  the  natural  enemies  of  the  species  of  moths  belong- 
ing to  the  genus  Omiodes,  Mr.  Swezey  reports  as  follows  on  pages  36 
and  37  in  his  article  above  referred  to: 

Omiodee  caterpillars  are  attacked  by  a  laige  number  of  species  of  parasites,  some  of 
which  are  native,  and  several  which  are  the  most  valuable  have  been  introduced. 
The  meet  of  the  species  are  kept  in  check  by  their  natural  enemies,  bo  that  they  do 
not  become  very  nimierous;  in  fact,  several  of  them  are  very  rare.  Two  species  feed 
so  numerously  on  cultivated  plants  that  they  become  serious  pests;  accepta  on  sugar 
cane,  and  blackbumi  on  palms.  These  two  species  are  preyed  upon  very  extensively 
by  the  parasites  and  checked  considerably,  but  not  sufficiently  to  keep  them  from 
doing  considerable  injur>'  in  certain  localities  and  at  certain  seasons.  Apparently  the 
moths  are  more  prolific  in  the  winter  months  (about  December  to  March)  and  the 
parasites  are  scarcer  owing  to  their  having  had  fewer  caterpillars  for  them  to  keep 
breeding  on  during  the  preceding  summer.  Hence,  when  the  winter  broods  of  cate^ 
pillars  appear,  there  may  be  two  or  three  generations  of  them  before  the  parasitefl 
breed  up  to  sufficient  numbers  so  that  they  produce  any  noticeable  check  on  the 
number  of  the  caterpillars;  then  in  another  generation  or  two  the  caterpillars  maybe 
much  reduced  in  numbers  and  a  large  percentage  of  them  found  to  be  parasitized;  for 
example,  on  one  occasion  75  %  of  the  cane  leaf-rollers  in  a  field  at  Hutchinson  plan- 
tation, Hawaii,  were  found  to  be  destroyed  by  one  species  of  parasite;  at  Olaa  plan- 
tation, Ilcwaii,  in  a  certain  field,  on  one  oct^asion  a  much  higher  percentage  of  them 
than  that  were  killed;  in  Honolulu,  of  a  large  number  of  the  pahn  leaf -roller  cate^ 
pillars  collected,  90  %  were  parasitized. 

Since  there  are  so  many  species  of  parasites  preying  on  the  leaf-rollers  which  are 
pests,  it  might  be  asked  "  Why  do  they  not  become  exterminated,  or  at  least  cease  to 
be  pests?  "  Apparently,  with  all  of  the  parasites,  they  are  still  not  numerous  enough 
to  overbalance  the  prolificness  of  the  pest,  even  though  they  do  kill  such  hi^  per- 
centages of  them  at  times.  Since  so  many  are  killed  by  parasites,  and  yet  there  are 
enough  left  to  do  considerable  injury  at  times,  one  cannot  help  but  wonder  to  what 
extent  these  pests  might  increase  were  there  no  parasites  preying  on  them,  and  hov 
many  times  more  serious  would  be  the  dam^e  done  by  them.  The  extreme  difficulty 
and  impracticability  of  treating  sugar  cane  fields,  or  large  pahn  trees,  artificiallyi  ^ 
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Plate  III. 


The  Hawaiian  Suqar-Cane  Leaf-Roller  (Omiodes  accepta). 

F\g.  1.— Adult  moth.  Figs.  2, 8, 4, 5.— Larvce  and  details.  Fig.  6.— Pupa.  Tix.  7.— Apex  of  crcmaster, 
showing  the  curled  spines  by  which  the  pupa  is  fastened  to  the  cocoon.  Fig.  8.— (Cluster  of  4  eggs 
in  groove  on  surfjiceof  leaf.  Fig.  9.— Eggs  more  highly  enlarged.  Fie.  10.— Leaf  spun  together 
for  "retreat"  or  hiding  place  of  caterpillar;  showing  where  caterpillar  has  eaten.  Fig.  11.— Leaf, 
showing  spots  where  very  young  caterpillar  haa  eaten,  leaving  one  epidermis  intact,  instead  of 
eating  holes  through  the  leaf.    (After  Swezey.) 
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the  destruction  of  theee  pests,  makes  it  all  the  more  important  that  there  are  so  many 
valuable  parasites  preying  upon  them;  and  shows  the  value  of  introducing  natural 
enemies  to  control  a  pest,  for  the  four  best  parasites  of  these  leaf-rollers  are  introduced 
species,  viz.,  Macrodyctium  omiodivorum,  Chalds  obscurataf  Frontina  archippivora  and 
Trichogramma  pretiosa. 

THE  SUGAB-CANE  MEALY-BUa. 

(Pseudococcus  calceolarUe  Mask.)    (Plate  IV.) 

IDENTITY. 

This  insect  (see  PI.  IV,  from  photographs  by  Mr.  T.  C.  Barber)  is 
identical  with  the  sugar-cane  mealy-bug  common  on  cane  in  the 
southern  parishes  of  Louisiana.  The  species  is  recorded  by  Mrs. 
Maria  E.  Femald  from  Australia,  Hawaii,  Fiji,  Jamaica,  and  Florida.** 
Koebele  earlier  records  this  mealy-bug  on  cane  in  Hawaii.'^ 

RELATED   SPECIES. 

The  mealy-bug  of  the  cane  belongs  to  a  very  large  family  of  insects, 
Coccidae,  which  {ire  world-wide  in  their  distribution.  Two  other 
species  of  this  family,  Pseudococcus  sacchari  CJkll.  and  Aspidiotus 
cyanophyUi  Sign.,  have  recently  been  recorded  from  Hawaii  by  Mr. 
J.  Kotinsky.*^ 

Three  species,  namely,  Pseudococcus  cdlceolanx,  P,  saccharij  and 
Aspidiotv^  sacchari  Ckll.,  are  known  to  attack  sugar  cane  in  the 
West  Indies.** 

Van  Deventer  records  several  scale  insects,  among  them  Lecanium 
hrugeri  Zehntn.,  Aspidiotus  saccharicavlis  Zehntn.,  Chioruispis  spp., 
and  a  species  of  Pseudococcus  very  similar  to  P.  cdlceolariaej  on  cane 
in  Java.* 

In  Mauritius  two  species  of  related  insects,  Icerya  seycheUarum 
Westw.  and  Pulvinaria  iceryi  Gu6r.,  are  reported  as  pests  of  sugar 
cane.-^ 

FOOD   PLANTS. 

Mrs.  Femald  gives  the  food  plants  of  the  sugar-cane  mealy-bug 
as  Calceolaria,  Danihonia,  Phormium  tenax,  Cordyline  australisy  and 

fl  Fernald,  Mks.  Maria  E.— A  Catalogue  of  the  Coccidse  of  the  World.  <Bul.  88, 
Hatch  Exp.  Sta.,  Maas.  Agr.  CoU.,  p.  98,  1903. 

&  Koebele,  Albert. — Hawaiian  Planters'  Monthly,  vol.  15,  no.  12,  p.  596,  Decem- 
ber, 1896;  vol.  17,  no.  5,  p.  209,  May,  1898. 

c  KoTiNSKY,  Jacob. — Coccidse  not  hitherto  recorded  from  these  islands.  <Proc. 
Hawaiian  Ent.  Soc.,  vol.  2,  no.  3,  pp.  127-131,  1910. 

^^Ballou,  H.  a. — Review  of  the  insect  pests  affecting  the  sugar  cane.  <We8t 
Ind^  Bui.,  vol.  6,  no.  1,  p.  41,  1905. 

«  Deventer,  W.  VAN. — Handboek  ten  dienste  van  de  Suikerriet-cultuur  en  de 
Rietsuiker-Fabricage  op  Java.  II.  De  Dierlijke  vijanden  van  het  Suikerriet  en 
hunne  Parasieten,  Amsterdam,  pp.  227-266,  1906. 

/  Fernald,  Mrs.  Marla  E. — A  Catalogue  of  the  Coccidae  of  the  World.  <Hatch 
Exp.  Sta.  Mass.  Agr.  Coll.,  Bui.  88,  pp.  27,  133,  1903. 
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sugar  cane.  In  I^ouisiana  the  mealy-bug  infests,  aside  from  sugar 
cane,  the  Jolmson  grass  {Sorghum  halepense)  and  the  sacchanae 
sorghums. 

LIFE   HISTORY   AND   HABITS. 

The  feeding  habits  of  the  mealy-bug  are  similar  to  those  of  the 
cane  leafhopper;  that  is,  their  mouthparts  are  formed  for  piercing 
the  epidermis  of  the  plant  and  suckin^?  the  plant  sap  from  the  inner 
tissues.  The  distinction  in  the  feeding  habit  is  that  the  leafhopper 
is  active  throughout  its  entire  life  cyclo,  and  jumps  or  flies  from 
plant  to  plant,  while  the  mealy-bug  when  partly  grown  remains 
practically  stationary  and  feeds  upon  but  one  portion  of  the  same 
plant. 

Wliere  the  cane  mealy-bugs  occur  in  Hawaii,  they  can  be  found 
about  the  lower  leaves  of  the  cane,  con^rregating  for  the  most  part 
behind  the  older  leaves  near  the  ground.  The  species  may  be  recog- 
nized by  the  white  mealylike  covering  of  the  adult  female,  to  wliicli 
the  common  name  applies.  The  insects  occur  in  a  mass  and  when 
abundant  are  readily  observable  by  the  white  covering  of  the  females. 
This  white  covering  serves  as  a  receptacle  for  the  eggs,  which,  upon 
close  examination,  may  be  observed  einhedded  therein. 

In  Louisiana  the  insects  occur  not  only  about  the  lower  leaves  of 
the  plant,  but  are  to  be  found  also  around  the  crown  (Plate  IV,  fig.  1) 
and  beneath  the  surface  of  the  ground  about  the  roots  of  the  plant. 
In  tlus  latter  location  they  hibernate  during  the  cold  months  of 
winter  on  both  cane  and  Jolmson  grass. 

The  young  mealy-bugs  upon  hatcliiug  from  the  eggs  are  quite 
active  and  disperse  over  the  cane  plants,  finally  congregating  when 
partly  growTi  about  the  lower  nodes  of  tlie  stalk.  The  females  are 
practically  inactive,  remaining  in  a  mass  about  one  of  the  nodes  or 
beneath  the  leaves  tliroughout  their  developnient  and  secrfeting  about 
themselves  in  these  locations  the  characteristic  white  covering 
(Plate  IV,  fig.  3).  The  young  males  do  not  remain  stationary  on 
the  plant,  but,  after  completing  their  dovolopment,  spin  a  narrow 
wdiite  cocoon  (Plate  JV,  fig.  4)  within  which  they  transform  to  a 
delicate  winged  adult. 

CONTROL. 

Selection  of  seed  cane. — Since  the  common  method  of  distribution 
is  by  the  transportation  of  infested  seed  cane  from  plantation  to 
plantation  or  from  one  part  to  another  of  the  same  plantation,  care 
should  be  exercised  to  select  clean  stalks  and  not  those  which  are 
infested,  for  seed  cane. 

Burning  of  the  trash. — The  practice  of  burning  the  trasli  after 
harvest  is  very  effective  in  destroying  this  insect,  since  those  remain- 
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Plate  IV. 


The  Sugar-Cane  Mealy-Buq  (Pseudococcus  calceolari/e). 

Fig.  1. — Adult  mealy-bn^  cliLsterefl  about  the  ba.se  of  young  cane.  Fig.  2.— Adult  female, 
twice  natural  size.  Fig.  3.— A  single  adult  female,  with  white  mealy-like  covering. 
Fig.  4. — Cocoons  of  male  mealy-bug.    (Original.) 
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ing  on  the  stalks  are  killed  in  the  process  of  milling,  and  the  remaining 
forms  on  the  discarded  stalks  and  leaves  in  the  field  are  destroyed 
by  the  fire. 

NATURAL   ENEMIES. 

There  is  present  in  Hawaii  a  ladybird  beetle,  Cryptolsemus  mon- 
trouzieri  Muls.,  which  is  a  special  mealy-bug  feeder.  This  ladybird 
is  one  of  Mr.  Koebele's  introductions  from  Australia.  It  has  proved 
particularly  beneficial  in  feeding  upon  the  sugar-cane  mealy-bug 
in  the  Hawaiian  cane  fields,  and  through  its  work  the  numbers  of  the 
mealy-bug  have  been  greatly  reduced  in  recent  years.  This  impor- 
tant predator  has  been  established  in  California,  and  the  Bureau  of 
Entomology  at  Washington,  D.  C,  has  under  way  at  present  negotia- 
tions to  import  this  beetle  into  the  cane  fields  of  southern  Louisiana 
which  are  infested  by  the  mealy-bug. 

The  ladybird  is  thus  described  by  Prof.  W.  W.  Froggatt,  govern- 
ment entomologist  of  New  South  Wales.** 

This  beetle  is  very  variable  in  size,  measuring  from  under  2  to  3  lines  in  length, 
with  the  head,  thorax,  extreme  tip  of  both  wing  covers  light  orange-yellow;  the  whole 
of  the  under  surface  reddish-brown,  and  both  the  upper  and  under  surface  clothed 
with  fine  hairs.  In  a  number  of  specimens  the  under  surface  is  variable  in  colora- 
tion, the  middle  and  hind  pairs  of  legs  with  the  thorax  dark  reddish-brown  to  black. 

The  larva  is  of  the  usual  smoky-brown  tint,  but  so  thickly  clothed  on  the  upper 
surface  with  white  filaments  that  it  appears  to  be  of  a  uniform  white,  the  pupa  hidden 
beneath  the  larval  skin  and  the  immature  beetle  are  pale  yellow. 

MISCELLANEOXTS  INSECTS  AFFECnNG  SXTGAB  CANE  HT  HAWAn. 

An  aphis,  Apliis  sacckari  Zehntn.,  is  occasionally  injurious  to  sugar 
cane.  Koebele  records  an  outbreak  of  the  species  on  the  Island  of 
Kauai  in  1896  under  the  name  Aphis  sp.^  The  species  was  deter- 
mined by  Kirkaldy  in  1907.*^  This  insect  is  known  to  occur  on  cane 
in  Java.  In  Hawaii,  the  species  is  fed  upon  bj'-  the  ladybird  CoccineUa 
repanda  Thunb.,  though  the  benefit  from  this  beetle  is  oflfset  by  the 
work  of  its  braconid  parasite,  Centistes  americana  Riley. 

In  some  districts  where  the  cane  fields  are  situated  in  moist  loca- 
tions, a  mole  cricket,  Gryllotalpa  africana  Beau  v.,  is  sometimes 
abundant  enough  to  be  injurious.  Another  species  of  mole  cricket, 
ScapterisciLS  didactylus  Latr.,  is  a  most  important  pest  of  sugar  cane 

o  Froggatt,  W.  W.— Australian  ladybird  beetles.  <Agr.  Gazette  of  New  South 
Wales,  vol.  13,  pt.  9,  pp.  907,  908,  September,  1902. 

6  Koebele,  Albert. — ^Hawaiian  Planters'  Monthly,  vol.  15,  no.  12,  pp.  596-598, 
December,  1896. 

c  Kirkaldy,  G.  W. — On  some  peregrine  Aphid®  in  Oahu.  <Proc.  Hawaiian  Ent. 
Soc.,  vol.  1,  pt.  3,  pp.  99,  100,  July,  1907. 
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in  the  island  of  Porto  Rico.*     Regarding  the  work  of  the  Hawaiian 
mole  cricket,  Prof.  Koebele  reports  as  follows:* 

A  species  of  mole  cricket  has  appeared  in  very  large  numbeiB  in  some  of  the  moist 
valleys  on  Oahu,  it  is  likely  another  Asiatic  introduction,  as  a  rule  these  crickets 
are  found  around  the  muddy  borders  of  shallow  ponds  and  watercourses  where  they  live 
in  burrows  resembling  those  of  moles,  and  like  that  animal  their  food  consists  chiefly 
of  earth  worms  and  the  larva  of  various  insects.  The  opinions  as  to  its  habits  are  as 
yet  divided;  whilst  some  authorities  claim  that  it  is  beneficial,  others  place  it  amongst 
the  injurious  insects. 

Specimens  kept  in  confinement  here  with  pieces  of  sugar  cane  would  hardly  touch 
them,  yet  they  readily  devoured  a  large  number  of  the  larva  of  the  Adoretus  or  Japanese 
beetle,  as  well  as  those  aphodius  and  a  number  of  earth  worms,  all  within  24  hours. 

The  ground  infested  by  those  crickets  was  examined  and  found  to  be  very  wet  and 
completely  riddled  with  the  burrows  down  to  a  depth  of  three  and  even  four  feet,  as 
many  as  three  and  four  specimens  were  brought  to  light  in  a  single  shovel  full  of  the 
soil.  In  such  localities  there  is  no  question  as  to  the  injurious  effects  of  the  crickets 
on  young  cane  plants,  wherever  they  were  numerous  almost  all  of  the  seed  cane  was 
destroyed;  they  would  burrow  into  the  seed  from  all  sides,  destroying  all  the  eyes, 
where  the  plants  had  made  a  growth  of  a  couple  of  feet  the  cricket  would  burrow  in 
below  the  ground  and  eat  to  the  center,  killing  the  plant.  This  is  the  only  instance 
BO  far  observed  of  the  depredations  of  these  crickets  here.  In  rice  and  taro  fields  no 
damage  has  been  observed  as  yet,  and  the  only  damage  that  is  likely  to  occur  to  cane 
is  when  it  is  planted  in  wet  swampy  land,  as  the  cricket  can  only  live  and  thrive  in 
such  places,  and  is  not  found  in  ordinary  arable  land;  even  in  the  swamp  where  the 
cricket  was  very  numerous,  it  did  not  attack  the  old  cane  but  paid  its  attention  solely 
to  the  newly  planted  seed  and  very  young  plants. 

This  cricket,  although  living  in  marshy  land,  cannot  live  underwater,  yet  it  is  a 
good  swimmer;  the  only  remedy  that  can  be  recommended  at  present  is  to  flood  the 
land  with  water  and  collect  the  crickets  as  they  come  to  the  surface,  destzoying  them 
by  phu'ing  them  in  a  vessel  containing  kerosene  and  water. 

The  fungoid  so  contagious  to  many  insects  and  larva  here,  does  not  seem  to  have  any 
effect  on  this  lively  cricket,  nor  will  he  have  anything  to  do  with  poison  given  in  the 
style  of  bran,  sugar  and  arsenic. 

Certain  army  worms  and  cutworms,  among  them  Hdiophila  unv- 
puncta  Haw.,  Agrotis  ypsilon  Rott.,  and  Spodoptera  mauritia  Boisd., 
are  occasionally  known  to  strip  fields  of  young  cane.  These  species 
and  related  forms,  together  with  their  natural  enemies,  are  discussed 
in  a  recent  report  by  Mr.  O.  H.  Swezey.  ^ 

A  bud  moth,  Ereunetis  favistriata  Wlsm.,  is  found  generally 
throughout  the  Hawaiian  cane  fields  and  at  times  is  quite  numerous. 
Regarding  its  injury  Swezey  says:<* 

o  Barrett,  O.  W. — The  changa  or  mole  cricket  in  Porto  Rico.  <Porto  Rico  Agr. 
Exp.  Sta.,  Bui.  2,  pp.  19,  fig.  1,  1902. 

b  Koebele,  Albert. — Hawaiian  Planters'  Monthly,  vol.  15,  no.  12,  pp.  594-596, 
December,  1896. 

<•  Swezey,  O.  H. — Army  worms  and  cutworms  on  sugar  cane  in  the  Hawaiian 
Islands.  <Hawaiian  Sugar  Planters*  Exp.  Sta.,  Div.  Ent.,  Bui.  7,  pp.  32,  pis.  3, 
November,  1909. 

<^  Swezey,  O.  H. — The  Hawaiian  sugar  cane  bud  moth  (Ereunetis  Jlaviatriata) 
with  an  accountof  someallied  speciesand  natural  enemies.  <Hawaiian  Sugar  Planters' 
Exp.  Sta.,  Div.  Ent.,  Bui.  6,  pp.  40,  pis.  4,  October,  1909. 
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It  is  usually  not  particularly  injurious  as  it  customarily  feeds  on  the  dead  and  drying 
tissues  of  the  leaf-sheaths  of  sugar  cane;  but  when  very  numerous  and  on  particularly 
soft  varieties  of  cane  the  caterpillars  do  considerable  eating  of  the  epidermis,  and  also 
eat  into  the  buds  and  destroy  them,  occasioning  a  good  deal  of  loss  where  the  cane  is 
desired  for  cuttings  to  plant. 

The  grasshoppers  Xiphidium  varipenne  Swezey  and  Oxya  vdox  Fab. 
feed  to  some  extent  on  the  leaves  of  cane.  The  former  species  is  also 
predatory  in  habit,  attacking  the  young  leafhoppers  and  the  larvae 
of  the  sugar-cane  leaf-roller. 

Two  species  of  beetles  which  occasionally  invade  the  cane  fields 
from  their  common  food  plants  and  attack  the  leaves  of  the  sugar 
cane  are  Fuller's  rose  beetle,  Aramigus  fvUeri  Horn,**  and  the  Japanese 
beetle,  Adoretus  tenuimxicvlatus  Waterh.  ^ 

BATS  IirjUBIirG  GBOWIITG  SUGAB  CAl^B  IS  HAWAU. 

The  so-called  roof-rat  {Mu8  alexandrinus)  in  former  years  was 
very  common  in  the  cane  fields  of  Hawaii  and  did  considerable 
damage  by  eating  the  stalks.  This  is  also  the  cane-field  rat  of  the 
island  of  Jamaica.  The  species  in  Hawaii  lives  now  for  the  most  part 
in  trees  and  the  upper  stories  of  dwellings,  since  it  has  been  driven 
to  a  great  degree  from  the  cane  fields  by  the  introduced  mongoose. 
The  introduction  of  the  mongoose  was  a  benefit  as  regards  its  destruc- 
tion to  the  rats  in  the  cane  fields,  but  the  animal  is  an  undesirable 
acquisition  to  the  fauna  of  the  islands  for  the  reason  that  in  recent 
years  it  has  included  in  its  dietary  the  eggs  and  young  of  ground- 
nesting  birds  and  domestic  fowls.  The  destruction  of  the  ground- 
nesting  birds  is  most  regrettable. 

oVan  Dine,  D.  L.— Hawaii  Exp.  Sta.,  Press  Bui.  14,  p.  5,  October,  1905. 
^KoEBELE,  Albebt. — ^Hawaiian  Planters'  Monthly,  vol.  17,  no.  6,  pp.  260-264, 
June,  1898. 
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PREFACE. 


Bulletin  94,  entitled  "Insects  Injurious  to  Forests  and  Forest 
Products,"  consists  of  two  parts  and  an  index. 

Part  I,  "Damage  to  Chestnut  Telephone  and  Tel^raph  Poles  by 
Wood-Boring  Insects,"  by  Thomas  E.  Snyder,  comprises  the  results  of 
a  special  study  of  a  serious  damage  to  the  base  of  standing  chestnut 
telephone  and  tel^raph  poles  by  the  wood-boring  larva'of  a  beetle 
designated  by  the  author  as  the  chestnut  telephone-pole  borer 
{Parandra  hrunnea  Fab.). 

Part  II,  "Biology  of  the  Termites  of  the  Eastern  United  States, 
with  Preventive  and  Remedial  Measures,"  by  Thomas  E.  Snyder, 
is  based  mainly  on  investigations  and  experiments  conducted  during 
the  past  three  years  by  Mr.  Snyder  in  connection  with  his  work  in  the 
Branch  of  Forest  Insect  Investigations.  It  also  includes  unpublished 
notes  by  Messrs.  H.  G.  Hubbard  and  F.  L.  Odenbach.  Termites  are 
among  the  most  destructive  insects  to  both  crude  and  finished  forest 
products  in  North  America,  among  which  may  be  listed  construction 
timbers  in  bridges  and  wharves,  telephone  and  tel^raph  poles,  hop 
poles,  mine  props,  fence  posts,  lumber  piled  on  the  ground,  railroad 
ties-,  and  the  woodwork  of  buildings.  The  sudden  crumbling  of 
bridges  and  wharves,  the  caving  in  of  mines,  and  the  settling  of  floors . 
in  buildings,  are  sometimes  directly  due  to  the  concealed  work  of 
these  insects.  The  use  of  imtreated  wood-pulp  products,  such  as  the 
various  composition-board  substitutes  for  lath,  etc.,  is  restricted  in 
the  Tropics  and  southern  United  States  because  of  the  ravages  of 
termites.  In  the  cities  of  Washington,  Baltimore,  St.  Louis,  Cleve- 
land, New  York,  and  Boston,  and  throughout  the  eastern  and  south- 
em  United  States,  damage  by  termites  to  the  woodwork  of  buildings 
is  occasionally  serious. 

Methods  of  prevention  and  control  against  injuries  to  finished  and 
utilized  forest  products,  etc.,  are  based  on  the  results  of  experiments 
conducted  by  this  branch  of  the  bureau. 

A.  D.  Hopkins, 

Forest  Entomologist. 
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INSECTS  INJURIOUS  TO  FORESTS  AND  FOREST  PRODUCTS. 


DAMAGE    TO    CHESTNUT    TELEPHONE   AND    TELEGRAPH 
POLES  BY  WOOD-BORING  INSECTS. 

By  Thomas  E.  Snyder,  M.  F., 
Agent  <md  Expert. 

OBJECT  OP  PAPEB. 

It  has  recently  been  determined  through  special  investigations 
conducted  principally  by  the  writer  that  serious  damage  is  being 
done  to  the  bases  of  standing  chestnut  telephone  and  telegraph  poles 
in  certain  localities  by  the  grub  or  larva  of  a  wood-boring  beetle, 
here  called  the  chestnut  telephone-pole  borer."  The  character  and 
extent  of  the  damage  imder  different  conditions  of  site  in  several 
locaUties  have  been  determined,  and  poles  treated  with  various  pre- 
servative substances  have  been  inspected  to  compare  the  efficiency 
of  both  chemicals  and  methods  of  treatment.  These  investigations 
have  resulted  in  the  determination  of  practical  methods  of  preventing 
injury  to  poles  by  wood-boring  insects. 

HISTOBICAL  DATA. 

The  first  information  of  serious  damage  to  standing  chestnut  poles 
by  wood-boring  insects  was  conveyed  in  a  letter,  dated  December 
15,  1906,  from  E.  O.  Leighley,  a  correspondent  of  this  Bureau, 
reporting  damage  to  telephone  poles  in  Baltimore,  Md.,  by  borers. 
Mr.  A.  B.  Gahan,  assistant  entomologist  of  the  Maryland  Agricul- 
tural Experiment  Station,  College  Park,  Md.,  who  investigated  the 
injury  to  the  poles,  stated  that  it  was  the  work  of  a  borer  and  was 
located  just  beneath  the  surface  of  the  ground.  Mr.  Gahan  brought 
specimens  of  the  work  and  the  insect  to  this  office.  The  borers  were 
identified  as  cerambycid  larvse,  and  later  were  determined  to  be  the 
chestnut  telephone-pole  borer  (Parandra  brunnea  Fab.). 

On  December  16,  1906,  Mr.  H.  E.  Hopkins,  division  superintendent 
of  a  telephone  company,  stated  that  the  poles  in  West  Virginia  were 

t^Parandra  brunnea  Fab.;  Order  C/oleoptera,  Family  Spondylidse. 
64271'— Bull.  94,  pt.  1—10 
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2  INSECTS  INJUBIOUS  TO   FORESTS. 

badly  injured  by  borers  and  that  these  borers  were  abundant.  On 
March  8,  1907,  he  collected  larvae  from  chestnut  telephone  poles  at 
Pennsboro,  W.  Va.  These  were  determined  to  be  the  larvae  of  the 
chestnut  telephone-pole  borer. 

The  writer  on  October  3,  1909,  inspected  some  chestnut  telegraph 
poles  which  had  been  standing  for  about  twelve  years  on  New  York 
avenue,  in  Washington,  D.  C.  The  poles  had  been  taken  down  under 
orders  from  the  city  authorities,  which  necessitated  the  placing  of 
wires  in  conduits  under  ground,  and  they  had  been  lying  in  piles  for 
about  a  month  before  they  were  inspected.  The  chestnut  telephone- 
pole  borer  had  been  working  in  the  base  of  the  poles,  and  white  ants, 
or  termites,  were  associated  with  them.  Twelve  out  of  the  103  poles 
examined  had  been  damaged,  some  more  seriously  than  others. 

On  October  15,  1909,  Mr.  11.  E.  Hopkins  sent  a  reply  to  a  request 
by  Dr.  A.  D.  Hopkins  for  further  information  regarding  insect  dam- 
age to  poles  in  West  Virginia.  He  stated  that  in  one  line  built  twelve 
years  ago  (40  miles  long,  36  chestnut  poles  to  the  mile,  poles  20  to 
40  feet  long  and  5  to  12  inches  in  diameter  at  the  top)  approximately 
600  poles  had  been  rotted  off  at  the  top  of  the  ground,  and  inspection 
showed  that  95  per  cent  of  the  damage  was  directly  or  indirectly 
due  to  insects.  Other  lines  in  this  division  were  reported  to  be  in 
about  the  same  condition.  It  was  later  determined  that  most  of  the 
insect  damage  was  the  work  of  the  chestnut  telephone-pole  borer. 

Dr.  A.  D.  Hopkins  states  in  a  recent  comprehensive  bulletin  "  that 
*' construction  timbers  in  bridges  and  like  structures,  railroad  ties, 
telephone  and  telegraph  poles,  mine  props,  fence  posts,  etc.,  are 
sometimes  seriously  injured  by  wood-boring  larvae,  termites,  black 
ants,  carpenter  bees,  and  powder-post  beetles,  and  sometimes  reduced 
in  efficiency  from  10  to  100  per  cent."  Thus,  while  it  has  been  known 
that  almost  all  classes  of  forest  products  that  are  set  in  the  ground 
are  seriously  injured  by  wood-boring  insects,  the  problem  of  insect 
damage  to  standing  poles,  posts,  and  other  timbers  has  never  been 
made  the  subject  of  a  special  investigation. 

In  May,  1910,  this  study  was  assigned  to  the  writer,  and,  in  addi- 
tion to  a  study  of  the  insects  involved,  investigations  in  cooperation 
with  telephone  and  telegraph  companies  have  been  conducted  in  the 
District  of  Columbia,  Maryland,  Virginia,  Pennsylvania,  New  Jersey, 
and  New  York.  Through  the  courtesy  of  the  Western  Union  Tele- 
graph Company  several  telegraph  lines  were  inspected  in  Jidy  and 
August,  1910,  in  Virginia,  where  the  poles  were  being  reset  or  replaced. 
Here  the  butts  of  over  200  poles  set  under  different  conditions  of 
site  were  thoroughly  examined  for  insect  damage,  and  sometimes  the 

a  Insect  Depredations  in  North  American  Forests.    <Bul.  58,  Part  V,  Bureau  of 
Entomology,  U.  S.  Department  of  Agriculture,  p.  67,  1909. 


Digitized  by 


Google 


Bui.  94,  Part  I,  BureaO  of  Entomology,  U.  S.  Dept.  of  Agriculture. 


Plate  I. 


Fig.  1.— The  Chestnut  Telephone-pole  Borer  (Parandra  brun- 
NEA):  Male  and  Female  Beetles.  Fig.  2.— The  Chestnut 
Telephone-pole  Borer:  Young  Larv/e,  Dorsal  and  Lateral 
Views.  Fig.  1,  Slightly  Enlarged;  Fig.  2,  Twice  Natural 
Size.    (Original.) 


Fig.  3.-DAMAGE   TO  AN   UNTREATED  CHESTNUT  TELEGRAPH  POLE 

NEAR  Surface  of  Ground  by  the  Chestnut  Telephone-pole 
Borer.    (Original.) 
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entire  pole  was  split  open.  In  one  line  10  to  12  years  old  (approxi- 
mately 30  chestnut  poles  per  mile,  25  feet  long,  about  6  inches  diam- 
eter at  the  top,  10  inches  at  the  base,  and  apparently  of  second  quaUty), 
between  Petersburg  and  Crewe,  Va. — the  poles  had  already  been  reset 
once,  east  of  Wilson,  Va. — serious  damage  by  the  chestnut  telephone-, 
pole  borer  rendered  from  15  to  20  per  cent  of  the  poles  imserviceable. 
After  the  present  second  resetting  it  was  esti- 
mated that  the  poles  can  not  last  more  than 
four  or  five  years  longer.  West  of  Wilson  the 
poles  were  naturally  in  much  worse  condition, 
and  many  were  broken  oflf  and  only  held  up 
by  the  wires  on  the  sounder  poles.  In  another 
line  examined,  between  Portsmouth  and  Boy- 
kins,  Va.  (poles  30  feet  long  and  apparently  of 
second  quality),  serious  damage  by  this  borer 
averaged  about  10  or  15  per  cent,  and  between 
Boykins,  Va.,  and  Weldon,  N.  C,  according  to 
a  linesman,  50  per  cent  of  the  poles  are  badly 
decayed  near  the  surface  of  the  ground. 
Much  of  this  damage,  however,  is  due  to  fun- 
gous heart  rot.  According  to  a  statement 
by  the  foreman  of  a  resetting  crew,  between 
Asheville,  N.  C,  and  Spartanburg,  S.  C,  hundreds  of  chestnut  poles 
were  badly  decayed  in  the  67  miles  of  line  reset,  and  were  only  held 
up  by  the  wires.  The  line  was  15  years  old.  There  was  serious 
damage  by  "wood  lice''  (termites)  and  also  by  "  white  wood  worms." 

THE  CHESTNTJT  TELEPHONE-POLE  BOBEB. 


FiQ,  1.— The  chestnut  telephone* 
pole  borer  ( Parandra  bruntua'): 
Full-grown  larva.  (About 
twice  natural  size.  (Original.) 


{Parandra  hrunnea  Fab.) 


CHARACTER   OF   THE    INSECT. 


The  chestnut  telephone-pole  borer  is  a  creamy  white,  elongate, 
stout,  cylindrical,  so-called  ^^round-headed''  grub  or  'Vood  worm" 
(fig.  1),  which  hatches  from  an  egg  deposited  by  an  elongate,  flattened, 
shiny,  mahogany  brown,  winged  beetle  from  two-fifths  to  four-fifths  of 
an  inch  in  length.  (Plate  I,  fig.  1 ;  text  fig.  2.)  The  eggs  are  probably 
deposited  from  August  to  October  in  shallow  natural  depressions  or 
crevices  on  the  exterior  of  the  pole  near  the  surface  of  the  ground ; 
often  the  young  larvse  enter  the  heartwood  through  knots.  The 
young  borers  (Plate  I,  fig.  2)  hatching  therefrom  eat  out  broad 
shallow  galleries  running  longitudinally  in  the  sapwood,  then  enter 
the  heartwood,  the  mines  being  gradually  enlarged  as  the  larvae 
develop.  As  they  proceed,  the  larvae  closely  pack  the  fine  excreted 
boring  dust  behind  them.     This  dfibria^  which  is  characteristic  of 
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their  work,  is  reildish  to  dunnish  yellow  in  color  and  has  a  clajlike 
consistency.  The  mines  eventually  end  in  a  broad  chamber,  the 
entrance  to  which  is  plumed  up  by  the  excelsior-like  fibers  of  wood 
chiseleil  out  by  the  strong  mandibles  of  the  larva.  Here  the  resting 
stage  (fig.  3),  or  pupa,  is  formed,  and  in  this  chamber  the  perfect  adult 
spends  considerable  time  before  emerging.  Often  all  stages  from  very 
young  larvae  only  about  one-fourth  inch  long  to  full-grown  larvae  over 

1  inch  long,  pupae,  and 
adults  in  all  stages  to 
maturity  are  present  in 
the  same  pole.  Adults 
have  been  found  flying 
from  July  to  Septem- 
ber. As  yet  the  sea- 
sonal history  of  this 
borer  has  not  been  com- 
pletely worked  out. 

DISTRIBUTION. 


Fio.  2.— The  chestnut  telephone-poke  borer:  Female  beetle,  three 


This  insect   is   very 

and  one-half  times  natural  slie.    Head  and  pronotum  of  male      widely     distributed, 

^^^"  ^^^^"^'^  ranging  from  Ontario, 

Canada,  to  Texas,  eastward  to  the  Atlantic  coast,  and  westward  to 
Arizona  and  southern  California.  It  is  common  tliroughout  the 
natural  range  of  the  chestnut — and  in  this  connection  it  should  be 
observ^ed  that  most  of  the  chestnut  poles  are  purchased  from  local 
timber-land  owners. 

CHARACTER   OF   THE    INJURY. 

The  injury  to  the  poles  consists  in  large  mines  in  the  wood  near  the 
line  of  contact  of  the  pole  with  the  ground,  necessitating  the  frequent 
resetting  or  even  the  replacement  of  the  damaged  poles.  These 
irregular  galleries  of  the  grub  (Plate  II,  fig.  1)  run  both  horizontally 
and  longitudinally  throughout  the  heartwood,  and  are  sometimes  7 
inches  long,  but  vary  with  the  individuals,  which  show  great  differ- 
ences in  size.  The  borers  usually  work  in  the  outer  layers  of  the 
wood  at  the  base  of  the  pole  for  a  distance  of  from  2  to  3  feet  below, 
and  sometimes  from  1  to  2  feet  above  the  line  of  contact  of  the  pole 
with  the  surface  of  the  ground.  The  greatest  damage  is  to  that  area 
just  below  and  just  above  the  surface  of  the  ground  (Plate  I,  fig.  3); 
here  the  conditions  of  air  and  moisture  are  most  favorable.  Often 
the  entire  butt  up  to  a  distance  of  from  4  to  6  feet  and  higher, 
according  to  the  depth  of  setting,  is  mined.  The  numerous  galleries, 
often  very  close  together,  completely  honeycomb  the  wood  in  a  zone 


Digitized  by 


Google 


Bui.  94,  Part  I,  Bureau  of  Entomolog7,  U.  S.  Dept.  of  Agriculture. 


Plate  II. 


Fig.  1. 


Fig.  2. 


Work  of  the  Chestnut  Telephone-pole  Borer. 

Fig.  1.— Gallery  of  the  chestnut  tolephone-polc  borer,  showing  pupal  chamber  with  the  en- 
trance plugged  with  excelsior-like  wood  libera;  work  near  base  of  pole,  below  ground. 
Fig.  2.— Mines  of  the  chestnut  telephone-pole  borer  near  surface  of  ground.  Natural  size. 
(Original.) 
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3  to  4  inches  in  from  the  exterior  of  the  poles;  this  so  weakens  the 
poles  that  they  break  off  close  to  the  surface  of  the  ground.  The 
basal  2  feet  is  usually  sound.  Even  if  the  damage  is  not  serious 
enough  to  cause  the  poles  to  break  off  under  strain,  they  are  likely  to 
go  down  during  any  storm,  and  thus  put  the  wire  service  out  of  com- 
mission; such  damaged  poles  are  a  serious  menace  along  the  right  of 
way  of  railroads.  The  beetle  will  attack  poles  that  are  perfectly 
soimd,  but  evidently  prefers  to  work  where  the  wood  shows  signs  of 
incipient  decay;  it  will  not  work  in  wood  that  is  '^sobby^'  (wet  rot), 
or  in  very  "doty''  (punky)  wood.  It  has  not  yet  been  determined 
just  how  soon  the  borers  usually  enter  the  poles  after  they  have  been 
set  in  the  ground.  However,  poles  that  had  been  standing  only  four 
or  five  years  contained  larvae  and  adults  of  this  borer 
in  the  heartwood,  and  poles  that  had  been  set  in  the 
ground  for  only  two  years  contained  young  larvae  in  the 
outer  layers  of  the  wood. 

Poles  that  appear  sound  on  the  exterior  may  have  the 
entire  basal  interior  riddled,  and  the  work  of  the  borers 
is  not  noticed  until  the  poles  break  off.  If  merely  iso- 
lated poles  are  injured,  the  poles  that  are  broken  off  are 
held  up  by  the  w^ires  and  can  be  detected  by  the  fact 
that  they  lean  over,  but  if  several  adjacent  poles  are 
affected,  especially  where  there  is  any  unusual  strain, 
that  portion  of  the  line  is  very  Ukely  to  go  down.  The 
presence  of  the  borers  in  injurious  numbers -can  be  de- 
termined only  by  removing  the  earth  from  about  the 
base  of  the  pole;  the  exit  holes  of  the  borer  are  found 
near  the  line  of  contact  with  the  soil.  Often  large, 
coarse  borings  of  wood  fiber  project  from  the  exit  holes. 
Sometimes  old  dead  parent  adults  are  found  on  the 
exterior  of  the  poles  underground.  During  August  the 
young  adults  may  be  found  in  shallow  depressions  on  the  exterior  of 
poles  below  the  ground  surface. 


Fio.  3.— The 
chestnut  tele- 
phone-pole bor- 
er :  P  upa. 
Slightly  more 
than  twice 
natural  size. 
(Original.) 


IMPORTANCE  OF  THE  PROBLEM. 

The  subject  of  the  relation  of  insects  to  the  rapid  decay  of  chestnut 
poles  has  not  been  thoroughly  investigated  in  the  past,  but  now  that 
the  supply  is  becoming  scarcer  it  is  especially  important  to  know 
what  are  the  various  primary  causes  of  the  deterioration  of  these 
poles,  hitherto  described  under  the  vague  term  "decay."  Although 
the  chestnut  telephone-pole  borer  has  not  hitherto  been  considered  an 
insect  of  any  economic  importance,  and  has  been  described  in  ento- 
mological literature  as  only  living  under  bark,  principally  of  pine,  or 
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in  the  decomposing  woo<i  of  various  species  of  deciduous  and  conif- 
erous trees,  the  evidence  is  abundant  that  breeding  in  the  bases  of 
chestnut  poles  is  not  a  newly  acquired  habit.  It  has  also  been 
determined  that  this  beetle  damages  many  species  of  living  forest, 
fruit,  and  shade  trees  that  have  been  previously  injured  by  fire  or 
other  causes,  and  often  leads  to  the  destruction  of  trees  that  would 
otherwise  recover  from  such  wounds,  and  while  not  normally  a 
primary  enemy  to  trees,  may  thus  become  of  more  than  secondan- 
importance. 

The  damage  by  the  chestnut  telephone-pole  borer  is  especially 
serious  in  consideration  of  the  fact  that  in  many  parts  of  its  range  the 
chestnut  is  threatened  with  extinction  as  a  tree  species  on  account  of 
the  very  severe  ravages  of  the  combined  attack  of  an  insect  ^  and  a 
fungous  disease.  Further  unnecessary  drain  upon  the  supply  of 
chestnut  timber  should  be  avoided  by  protecting  that  already  in  use 
and  thus  prolonging  its  length  of  service. 

EXTENT  OF  DAMAGE  AND  LOSS. 

As  more  than  one-fourth  of  the  3,500,000  round  poles  exceeding  20 
feet  in  length  used  annually  by  telephone,  telegraph,  and  other 
electric  companies  are  chestnut  (Kellogg,  1909),**  and  as  this  borer 
has  seriously  damaged  as  high  as  10  to  40  per  cent,  varying  with 
conditions  of  site,  of  the  chestnut  poles  which  have  been  set  in  the 
ground  for  from  ten  to  twelve  years  in  hues  in  North  Carolina,  Virginia. 
West  Virginia,  Maryland,  and  the  District  of  Columbia,  it  is  evident 
that  this  insect  is  an  important  factor  in  decreasing  the  normal 
length  of  service  of  the  poles.''  In  Unes  from  twelve  to  fifteen  years 
old  the  damage  is  much  greater,  and  at  the  end  of  this  number  of 
years  of  service  any  line  in  which  poles  of  this  species  are  set  has  to 
be  practically  renewed.  According  to  a  statement  in  Forest  Service 
Bulletin  78  (Sherfesee,  1909),  "approximately  4  per  cent,  or  5,908 
feet  board  measure  of  the  147,720  feet  board  measure  of  standing 
polos  annually  requiring  replacement  in  the  United  States,  is  destroyed 
by  insects.'*  If  only  chestnut  poles  be  considered,  at  least  10  per 
cent  of  the  poles  reset  or  replaced  are  injured  by  insects. 

FAVORABLE  AND  UNFAVORABLE  CONDITIONS  FOR  DESTRUCTIVE  WORK. 

The  damage  is  apparently  greatest  and  the  borers  are  most  abun- 
dant where  the  poles  are  set  in  high  or  level  dry  ground  under  good 
conditions  of  drainage.  Such  sites  are  the  crests  of  railroad  cuts 
through  low  hills,  slopes  of  "fills/*  and  in  cultivated  or  other  fields. 
Where  the  poles  are  in  wet  sites  there  is  usually  but  Uttle  injury  br 

o  Agrilus  hilineatus  Web. 

b  See  list  of  publications,  page  11. 

c  The  average  life  of  a  chestnut  pole  is  eight  to  ten  years  (Sherfeeee  and  Weiae,  1909). 
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wood-boring  insects  except  to  that  portion  near  the  surface  of  the 
ground.  Conditions  of  drainage  are  more  important  than  different 
soil  combinations,  and  the  condition  of  the  soil  is  more  important 
than  its  composition;  i,  e.,  where  the  soil  is  hard  packed  there  is 
apparently  less  damage  than  where  it  is  loose.  The  quality  and  con- 
dition of  the  poles  before  setting  is  a  very  important  factor  to  con- 
sider before  arriving  at  any  conclusions  as  to  the  relative  longevity  of 
poles  under  various  conditions  of  site.  Green  (unseasoned)  or  im- 
perfectly seasoned  poles  are  less  durable  than  those  thoroughly 
seasoned.  Poles  that  are  defective  **  before  setting,  as  they  very 
often  are  (i.  e.,  showing  evidence  of  incipient  decay),  and  poles  that 
have  the  heartwood  mined  by  the  chestnut  timber  worm,  ^  the  work 
of  which  is  very  abundant,  will,  of  course,  decay  much  more 
rapidly  than  poles  that  are  in  an  absolutely  sound  condition. 
The  galleries  of  the  chestnut  timber  worm  afford  an  entrance  to 
the  spores  of  wood-destroying  fungi,  and  thus  greatly  accelerate 
decay.  White  mycelium  compactly  filled  these  galleries  throughout 
many  standing  poles,  thus  clearly  proving  that  these  mines  aid 
greatly  in  enabling  the  fungous  heart  rot  more  rapidly  and 
completely  to  penetrate  the  entire  heartwood  of  the  poles.  If  the 
injury  by  both  wood-boring  beetles  and  wood-destroying  fungi 
(between  which  there  is  a  varying  interrelation)  be  considered,  then 
in  several  lines  from  ten  to  twelve  years  old  in  North  Carolina, 
Virginia,  and  West  Virginia  at  least  50  per  cent  of  the  poles  are  either 
rendered  unserviceable  or  their  length  of  service  is  much  shortened. 

ASSOCIATED  WOOD-BOBING  INSECTS. 

It  is  not  to  be  concluded  that  this  wood-boring  beetle  is  the  only 
insect  that  injures  standing  chestnut  poles.  Indeed,  the  most 
common  injury  is  by  the  "wood  lice''  or  white  ants.*'  In  fines  from 
ten  to  twelve  years  old  these  insects  have  seriously  damaged  as  high 
as  15  per  cent  of  the  poles,  and  their  work  is  often  present,  at  least 
superficiaUy,  in  as  high  as  75  per  cent  of  the  poles  under  aU  conditions 
of  site.  However,  the  damage  is  usually  to  the  outer  layers  of  the 
wood,  where  it  is  moist  or  there  is  incipient  decay,  and  is  more 
superficial  and  localized  than  that  of  the  chestnut  telephone-pole 
borer.  Nevertheless,  white  ants  often  completely  honeycomb  the 
sound  heartwood  of  poles,  especially  at  the  base.  They  work  both 
in  sound  wood,  "doty''  (dry  rot)  wood,  and  "sobby  "  (wet  rot)  wood. 
Sometimes  a  large  channel  runs  up  through  the  core  of  the  heart 

a  Often  this  evidence  is  the  old  galleries  of  the  destructive  two-lined  chestnut 
borer  {Agrilus  bilineatus  Web.),  showing  that  the  tree  must  have  been  dead  before 
it  was  cut  for  a  pole,  and  hence  is  more  likely  to  be  defective  throughout  the  interior; 
in  other  instances  heart  rot  is  clearly  present. 

ft  Lymexylon  sericeum  Harr. 

c  Identified  by  Mr.  Theodore  Pergande  of  this  Bureau  as  Termes  Jlavipes  Kollar. 
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and  the  sides  are  plastered  \%4th  clay,  forming  a  hollow  tube  with 
several  longitudinal  galleries.  Their  work  often  extends  from  2  to  4 
feet  above  the  surface  of  the  ground.  They  leave  the  outer  shell 
of  the  wood  intact  and  work  up  through  the  longitudinal  weathering 
checks,  covering  the  exterior  of  the  pole  with  earth  to  exclude  the 
light.  ^Vhite  ants  will  damage  pole^  that  have  been  set  in  the  ground 
only  two  years.  Evidently  they  enter  the  pole  from  below  the  surface 
of  the  ground.  The  habits  and  characteristics  of  these  pecuUar  and 
mteresting  insects  have  been  thoroughly  discussed  in  Circular  No.  50 
of  this  Bureau  by  Mr.  C.  L.  Marlatt. 

A  giant  round-headed  borer  ^  is  sometimes  found  in  the  poles, 
usually  in  association  with  the  chestnut  telephone-pole  borer.  In 
poles  where  the  wood  is  sound  this  borer  apparently  works  as  a  rule 
only  in  the  outer  layers  of  the  wood,  the  galleries  running  longitudi- 
nally through  the  heart  below  the  surface  of  the  ground.  In  poles 
where  there  is  decay  it  will  completely  honeycomb  the  heartwood 
near  the  surface  of  the  ground. 

In  several  poles  where  the  wood  was  *Moty''  a  large  Scarabaeid  * 
which  has  before  been  found  in  decayed  oak  railroad  ties  was  present 
and  caused  the  poles  to  break  off  sooner  than  they  otherwise  would. 
The  irregular  galleries  of  the  grub  completely  honeycomb  the  decayed 
heartwood  near  or  just  below  the  surface. 

A  flat-headed  borer  ^  and  wireworms  ^  were  found  in  galleries  locally 
in  the  more  or  less  decayed  heartwood  of  several  poles.  A  large  black 
carj)entcr  ant  ^  does  some  damage  to  sound  poles  set  in  dry  ground 
through  woodland.  This  ant  often  widens  the  longitudinal  weather- 
ing checks  and  thus  accelerates  decay.  A  small  black  ant-^  was  very 
numerous  in  many  poles,  but  its  work  is  usually  confined  to  the 
outer  layers  of  the  wood.  The  work  is  often  throughout  '^doty" 
poles.  Injury  by  this  ant  is  not  primary,  but  it  also  widens  weather- 
ing checks,  enlarges  other  defects,  and  induces  more  rapid  decay. 

PRBVENTION  OF  THE  INJUBY. 

Doctor  Hopkins  makes  the  following  statement  in  a  recent  bulletin:^ 

Insect  damafijo  to  poles,  posts,  and  similar  products  can  be  prevented  to  a  greater 
or  less  extent  by  the  preservative  treatments  which  have  been  tested  and  recom- 
mended by  the  Forest  Service  for  the  prevention  of  decay.     These  should  be  applied 

o  Prionns  sp. 

*>  Identified  by  Mr.  E.  A.  Schwarz,  of  this  Bureau,  as  Polyimechus  brevipes  Lee. 

c  Identified  by  Mr.  II.  E.  Burke,  of  this  Bureau,  as  Buprestis  rufipes  Oliv. 

<i  Species  of  the  family  Elateridse.  The  large  larvae  of  Alatis  sp.  were  especially 
injurious. 

<•  Identified  by  Mr.  Theodore  Pergande  as  Camponotus  pennsylvanicus  MajT. 

/  Identified  by  Mr.  Theodore  Pergande  as  Cremastogast^r  lineolata  Say. 

0  Insect  Depredations  in  North  American  Forests.  <Bul.  58,  Part  V,  Bur.  Ent., 
U.  S.  Dept.  Agr.,  p.  84,  1909. 
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before  the  material  is  utilized  for  the  purposes  intended,  or,  if  it  be  attacked  after 
it  has  been  utilized,  further  damage  can  be  checked  to  a  certain  extent  by  the  use  of 
the  same  substances. 

It  is  often  of  prime  importance  to  prevent  injury  from  wood-boring  insects,  for  the 
reason  that  such  injuries  contribute  to  more  rapid  decay.  Therefore  anything  that 
will  prevent  insect  injury,  either  before  or  after  the  utilization  of  such  products,  will 
contribute  to  the  prevention  of  premature  deterioration  and  decay. 

Through  the  courtesy  of  the  American  Telephone  and  Telegraph 
Company  and  the  Forest  Service,  about  40  chestnut  poles  set  in  a 
test  line  near  Dover,  N.  J.,  were  inspected  by  the  writer  on  July  15, 
1910,  in  company  with  engineers  of  the  telephone  company  and  Mr. 
H.  F.  Weiss,  Assistant  Director,  Forest  Products  Laboratory,  Forest 
Service,  to  determine  the  relative  merits  of  various  methods  of  pre- 
venting damage  by  wood-boring  insects  to  the  bases  of  poles.  In 
this  hne,  which  is  eight  years  old,  variously  treated  poles  alternated 
with  untreated  poles  in  order  that  each  chemical  preservative  and 
method  of  treatment  might  be  given  an  absolutely  fair  test  under 
the  same  conditions  of  site.  The  poles  were  30  feet  long,  7  inches 
in  diameter  at  the  top,  and  33  inches  in  circumference  6  feet  from 
the  base*  In  this  inspection  the  earth  was  removed  (to  a  depth  of 
about  1  foot)  from  the  base  of  the  pole,  and  then  the  pole  was  chopped 
into  to  determine  the  rate  of  decay.  This  method  of  inspection  for 
insect  damage  is  not  very  satisfactory.  The  various  methods  experi- 
mented with  in  this  test  hne  were  brush  treatments  with  a  patented 
carbolineum  preservative  and  spirittine,  charring  the  butt,  setting 
the  pole  in  sand,  and  setting  it  in  small  broken  stone.  It  was  found 
that,  although  these  methods  may  temporarily  check  the  inroads  of 
wood-boring  insects,  they  will  not  keep  the  insects  out  of  the  poles. 
The  most  serious  damage  to  the  poles  in  this  line  was  by  white  ants. 
Other  insect  damage  was  by  a  large  black  carpenter  ant°  and  the 
larvae  of  a  round-headed  borer.  ^ 

An  inspection  was  made,  between  September  6  and  14,  1910,  of 
the  bases  of  over  400  chestnut  poles  set  in  a  similar  test  line  near 
Warren,  Pa.,  and  Falconer,  N.  Y.  These  poles  were  treated  by  the 
creosote  *' open-tank"  method  of  impregnation,  and  brush  treatments 
of  creosote,  wood  creosote,  craoUn,  two  different  carboUneum  pre- 
servatives, and  tar;  they  had  been  set  in  the  ground  for  a  period  of 
five  years.  All  these  treatments,  except  the  brush  treatments  with 
creolin  and  tar,  were  efficient  in  preventing  the  attacks  of  wood- 
boring  insects,  at  least  for  a  five-year  period,  in  this  northern  climate. 
There  was  but  Uttle  damage  by  insects  to  the  poles  in  this  test  line. 
The  most  common  injury  to  the  untreated  poles  was  by  the  large 
black  carpenter  ants  which  widen  the  longitudinal  weathering  checks, 
and  hence  induce  more  rapid  decay.     The  work  of  the  chestnut  tele- 

a  Cam-ponotus  pennsylvanicics  Mayr. 
b  Prionus  sp. 
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phone-polo  borer  was  found  in  several  poles,  and  this  beetle  was  evi- 
dently just  beginning  to  attack  these  poles.  There  was  some  damage 
by  a  round-headed  borer.**  No  white  ants  or  termites  were  present, 
and  this  is  evidently  too  far  north  for  these  destructive  borers.  A 
report  by  insj)ectors  of  the  American  Telephone  and  Telegraph  Com- 
pany and  the  Forest  Service  on  the  remainder  of  the  poles  in  this 
test  line  (between  Jamestown  and  Buffalo,  N.  Y.)  not  personally 
inspected  by  the  writer,  showed  that  these  conclusions  can  be  applied 
to  all  the  poles  in  the  line  with  the  exception  that  there  was  super- 
ficial injury  by  small  black  ants  to  two  poles  treated  by  brush  treat- 
ments of  carbolineum  avenarius  and  to  two  treated  with  wood  creo- 
sote; also,  as  the  inspection  progressed,  injury  by  the  chestnut  tele- 
phone-pole borer  became  more  abundant  and  serious,  and  the  borers 
seemed  to  be  established  in  the  poles.  The  poles  treated  by  the  creo- 
sote ** open-tank^'  method  of  impregnation  and  by  brush  treatments 
with  creosote  and  with  **S.  P.  F."  carbolineum  remained  uninjured. 

Methods  of  treating  poles  superficially  by  brushing  with  various 
preservatives  have  proved  to  be  temporarily  efficient  in  keeping 
wood-boring  insects  out,  if  the  work  is  thoroughly  done  and  not  only 
the  butt,  but  also  the  base,  is  treated.  If  the  pole  is  not  thoroughly 
brushed,  insects  enter  through  the  untreated  or  imperfectly  treated 
portions,  especially  through  weathering  checks  and  knots.  Where 
the  base  is  left  untreated,  insects,  especially  white  ants  or  termites, 
enter  the  pole  from  below  ground  and,  avoiding  the  treated  portions, 
come  right  up  through  the  pole. 

The  few  poles  of  southern  yellow  pine  in  a  line  near  Hartley,  N.  J., 
inspected  on  July  15,  1910,  which  had  been  impregnated  with  creo- 
sote by  the  Bethell  cylinder-pressure  process,  12  pounds  of  oil  to  the 
cubic  foot,  and  had  been  set  in  the  ground  since  February,  1903, 
were  apparently  absolutely  free  from  signs  of  decay  or  damage  by 
wood-boring  insects.  In  another  line,  running  between  Norfolk,  Va., 
and  Washington,  D.  C,  the  few  poles  (12  years  old,  of  squared — 
with  the  sapwood  cut  uway — southern  yellow  pine)  inspected  on 
August  10, 1910,  near  Portsmouth,  Va.,  which  had  been  impregnated 
with  creosote  by  the  Bethell  cylinder-pressure  process,  were  also 
apparently  absolutely  sound. 

Thus,  it  is  evident  that  impregnating  the  poles  with  creosote  by 
some  standard  process  (either  the  open-tank  or  the  cylinder-pressure 
processes)  will  keep  wood-boring  insects  out  and  preserve  the  poles 
for  a  much  longer  period  than  they  would  last  untreated.  In  the 
open-tank  method  only  the  area  most  subject  to  the  attacks  of  wood- 
boring  insects  and  deterioration  in  general  (i.  e.,  the  basal  8  feet)  is 
treated,  while  by  the  cylinder-pressure  processes  the  entire  pole  is 
impregnated.     Alternating  less  susceptible  juniper  (red  cedar)**  poles 

a  Priorus  sp.  b  Juniperus  virginiana. 
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or  pine  poles  thoroughly  impregnated  by  some  standard  process  in 
the  line  with  the  chestnut  poles  would  be  a  safeguard  in  holding  up 
an  old  line  where  the  damage  is  found  to  be  serious  on  resetting. 

A  list  of  some  available  publications  on  wood  preservation  is 
appended. 
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BIOLOGY  OF  THE  TERMITES  OF  THE  EASTERN  UNITED 
STATES,  WITH  PREVENTIVE  AND  REMEDIAL  MEAS- 
URES. 

By  Thomas  E.  Snyder,  M.  F., 

Entomological  Assistant 
INTRODTJCTION. 

The  following  notes  on  the  biology  of  the  common  termites,*  or- 
"white  ants/'  of  the  eastern  United  States  were,  for  the  most  part, 
made  while  conducting  investigations  to  determ'me  the  character 
and  extent  of  damage  by  termites  and  other  forest  insects  to  various 
classes  of  crude  and  finished  forest  products  and  to  devise  methods 
of  preventing  the  injury.  Durmg  1910  and  1911  special  investiga- 
tions were  conducted  by  the  writer  as  to  the  character  and  extent 
of  damage  to  telephone  and  telegraph  poles  and  mine  props  by  wood- 
boring  insects.  This  contribution  is  thus  based,  lai^ely,  on  these 
investigations,  as  well  as  on  additional  experiments  conducted  dur- 
ing the  past  three  years  by  the  writer  in  the  branch  of  Forest  Insect 
Investigations  and  on  some  of  the  unpublished  notes  of  the  late 
H.  G.  Hubbard  and  those  of  Rev.  F.  L.  Odenbach. 

''White  ants''  are  among  the  most  destructive  insects  of  North 
America  to  both  crude  and  fimished  forest  products,  among  which  may 
be  listed  construction  timbers  in  bridges,  wells,  and  silos,  timbers 
of  wharves,  telephone  and  telegraph  poles,  bean  and  hop  poles,  mine 
props,  wooden  cable  conduits,  fence  posts,  lumber  piled  on  the 
ground,  railroad  ties,  and  the  foimdations  and  woodwork  of  buildings, 
etc.  The  sudden  crumbling  of  bridges  and  wharves,  caving  in  of 
mines,  and* settling  of  floors  in  buildings  are  sometimes  directly  due 
to  the  hidden  borings  of  termites.  The  use  of  untreated  wood-pulp 
products  such  as  the  various  "composition  boards"  used  as  sub- 
stitutes for  lath,  etc.,  is  restricted  in  the  Tropics  and  portions  of  the 
southern  United  States  because  of  the  ravages  of  termites.  In  the 
cities  of  Washington,  Baltimore,  St.  Louis,  Cleveland,  and  New 
York,  and  throughout  the  Southern  States  damage  by  termites  to 

o  Order  Platyptera,  Packard  (1886),  suborder  hoptera,  Brull6  (1832),  family  Meso- 
temvitidae,  Holmgren,  genus  Leucotermes  Silvestri. 
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the  woodwork  of  buildings  is  occasionally  serious.  As  far  north  as 
Boston,  Mass.,  damage  of  this  sort  occurs,  and  in  Michigan  cases  are 
reported  in  which  furniture  in  buUdings  has  sunk  through  the  floors, 
mined  by  "white  ants." 

The  preventives  and  remedies  against  injury  to  forest  products 
and  nursery  stock  herein  given  are  based  on  the  results  of  experi- 
ments conducted  by  the  Bureau  of  Entomology.  The  species  to  be 
considered  in  this  paper  are  Leucotermes  Jlavipes  Kollar  and  Leuoo- 
termes  virginicus  Banks.  The  former  is  widely  distributed  "  over 
the  United  States,  but  the  recorded  distribution  of  the  latter  is  more 
limited.* 

CLASSIFICATION. 

Termites  are  naturally  to  be  classed  among  that  most  interesting 
group  of  social  insects  comprising  the  ants,  bees,  wasps,  etc.,  since 
they  live  in  colonies  which  are  made  up  of  various  highly  specialized 
forms  or  castes.  Each  of  these  forms  has  a  distinct  rdle  in  the  proc- 
esses of  the  social  organization,  as  there  is  a  well-defined  division  of 
labor.  In  the  systematic  classification  of  insects,  however,  termites 
are  widely  separated  from  the  other  social  insects.  These  latter  rep- 
resent the  highest  and  most  specialized  development,  whereas  termites 
represent  the  lowest  and  are  among  the  oldest  of  insects.  Further- 
more, in  many  points  in  their  life  habits  termites  are  widely  diflPerent 
from  the  other  social  insects. 

The  tropical  genus  Termes,  from  which  the  family  and  generic 
names  of  termites  are  derived,  is  a  Linnsean  creation  ^  and  appears 
for  the  first  time  in  1768,  in  the  tenth  edition  of  Systema  Naturae, 
where  it  was  placed  among  the  Aptera,  between  the  genera  Podura 
and  Pediculus.  Since  then  termites  have  been  classed  ^  among  the 
orders  Neuroptera,  Corrodentia,  and  Pseudoneuroptera,  although 
Brull6,  in  1832  (Exp6d.  Sc.  Mor^e,  t.  3  (Zool.),  p.  66,  Paris,  1832),  had 
founded  the  distinct  new  order  Isoptera.*  Packard,^  in  1863,  stated 
that '  ^  seven  out  of  the  eight  well-established  families  of  the  Neuroptera 
sustain  a  synthetic  relation  with  each  of  the  six  other  suborders." 
Hagen,^in  1868,  stated  in  regard  to  the  error  that  he  made  in  describ- 

o  Marlatt,  C.  L.  The  Wliite  Ant  (Ttmies  flaxnpes  Koll.).  U.  S.  Dtept.  Agr.,  Bur. 
Ent.,  Circ.  60,  pp.  8,  figs.  4,  June  30,  1902.    See  p.  4. 

&  Banks,  N.  A  new  species  of  Tennes.  Ent.  News.,  v.  18,  no.  9,  p.  392-393,  No- 
vember, 1907. 

c  Desnbux,  J.  Isoptera,  Fam.  Tennitidcp,  pp.  52,  figs.  10,  pis.  2.  (Wyteman,  P., 
Genera  Insectorum,  fasc.  25,  Bruxelles,  1904,  p.  1-3.) 

d  Feytaud,  J.  Contribution  ^  T^tude  du  termite  lucifuge.  Arch.  Anat.  Micros., 
t.  13,  fasc.  4,  p.  481-^06,  figs.  34,  30  juin,  1912. 

«  Desneux,  J.    Loc.  cit. 

/  Packard,  A.  S.  On  synthetic  types  in  insects.  Boston  Jour.  Nat.  Hist.,  v.  7, 
no.  4,  p.  590-603,  fig.  4,  June,  1863. 

0  Hagen,  H.  A.  Proc.  Boston  Soc.  Nat.  Hist.,  v.  12,  p.  139,  October  21,  1868, 
Boston,  1869. 
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ing  ^  a  damaged  earwig  (Forficula)  from  Japan  as  a  wingless  termite, 
''that  the  three  families,  Termitina,  Blattina,  and  Forficidina,  are 
coordinated  and  very  nearly  allied/'  Packard,*  in  1883,  placed 
termites  in  a  new  order,  the  Platyptera,  including  the  TermitidaB, 
EmbiidsB,  Psocid®,  and  Perlid®,  and  three  years  later  he  dismem- 
bered*' tie  Pseudonenroptera  into  the  Platyptera,  Odonata,  and 
Plecoptera.  Knower,^  in  1896,  stated  that  in  the  development  of 
the  embryo  of  termites  there  is  a  resemblance  to  that  of  the  Orthop- 
tera.  Desnenx,  in  1904,*  stated  that  termites  are  derived  phylo- 
genetically  from  the  ''Blattides,"  an  idea  accredited  to  Handlirsch 
in  1903,  although  Hagen,  in  1855,  had  already  formulated  this 
theory  based  on  purely  biological  considerations.  Comstock,^  in 
1895,  also  placed  termites  in  the  order  Isoptera.  Enderlein,^  in 
1903,  placed  termites  with  the  Embiidae  in  the  order  Corrodentia, 
suborder  Isoptera.  In  this  order  he  also  placed  the  Psocid©  and 
Mallophaga.  Handlirsch  *  contests  the  affinity  of  the  Termitidae  with 
the  EmbiidaB;  he  further  states^  that  termites  are  derived  from  all 
deposits  from  the*lower  Tertiary  on,  but  that  all  older  fossils  formerly 
mistaken  for  termites  by  Hagen,  Scudder,  and  Heer  do  not  belong 
to  this  order.  Banks  ^  (1909)  considered  termites  to  be  in  the 
order  Platyptera,  suborder  Isoptera,  with  two  other  suborders,  the 
Mallophaga  and  Corrodeniia.  Holmgren  states*  that  he  believes 
both  groups,  the  ''Termiten"  and  "Blattiden,"  are  offshoots  of  a 
more  primitive  group,  the  "Protoblattoiden."  The  oldest  ''Blat- 
toiden''  occur  in  the  first  part  of  the  middle,  upper  Carboniferous 
(Pottsville,  North  America),  the  oldest  "  Protoblattoiden,''  in  the  last 

o  Hagen,  H.  A.  On  a  wingless  white  ant  from  Japan.  Proc.  Boston  Soc.  Nat. 
Hist.,  V.  11,  p.  399-400,  iUus.,  February  26,  1868. 

ft  Packard,  A.  S.  Order  3,  Pseudonenroptera,  U.  S.  Dept.  Agr.,  U.  S.  Ent.  Com., 
3d  Rept.,  p.  290-293,  1883. 

c  Packard,  A.  S.  A  new  arrangement  of  the  orders  of  inriects.  Amer.  Nat.,  v.  20, 
no.  9,  p.  808,  September,  1886. 

^  Knower,  H.  McE,  The  development  of  a  termite — Eutermes  (Rippertiif)  A  pre- 
liminary abstract.    Johns  Hopkins  Univ.  Circ.,  v.  15,  no.  126,  p.  86-87,  June,  1896. 

<  Desneux,  J.    Loc.  cit. 

/  Comstock,  J.  H.  Manual  for  the  Study  of  Insecte.  Ithaca,  N.  Y.,  1895,  p.  95-97, 
ng.  104-106. 

ff  Enderlein,  G.  tJber  die  Morphologie,  Gruppierung  und  Systematische  Stellung 
der  Corrodentien.     Zool.  Anzeig.,  vol.  26,  p.  423-437,  figs.  4. 

^Handlirsch,  A.  Zur  Systematik  der  Hexapoden.  Zool.  Anzeig.,  vol.  27  (1904), 
p.  733-769. 

<  Handlirsch.  A.  Die  foesilen  Insekten  und  die  Phylogenie  der  rezent^n  Formen, 
pt.  8,  p.  1240,  Leipzig,  1908. 

J  Banks,  N.  Directions  for  Collecting  and  Preserving  Insects,  pp.  135,  figs.  188, 
Washington,  1909.    U.  S.  Nat.  Mus.  Bui.  67.    Platyptera,  p.  6-7. 

*  Holmgren,  N.  Termitenstudienl.  Anatomische  Untersuchungen.  R.  Svenska 
Vet^nsk.  Akad.  Handl.,  Bd.  44,  No.  3,  pp.  215,  Taf.  1-3,  Uppsala  &  Stockhohn,  1909. 
Die  Verwandtsch&ftebeziehungen  der  Termiten,  p.  208-213. 
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part  of  the  coal  measxires  (Allegheny,  North  America),  but  the 
youngest  "Protoblattoiden"  occur  in  the  lower  Permian  formation 
of  Ehirope.  Holmgren  considers  the  termites  to  be  in  a  distinct 
order,  the  Isoptera. 

The  order  Lsoptera,  according  to  Holmgren  (1911), **  is  divided  into 
three  families,  the  Protermitidae,  the  Mesotermitidae,  and  the  Meta- 
termitidse.  All  of  these  families  are  represented  in  North  America, 
and  while  this  paper  is  restricted  to  a  discussion  of  species  of  the 
genus  Leucotermes  Silvestri,  subfamily  Leucotermitinae  Holmgren, 
family  Mesotennitid«  Holmgren,  a  species  in  the  genus  Termopsis 
Heer,  subfamily  Termopsinie  Holmgren,  family  Protermitidse  Holm- 
gren, is  briefly  mentioned.  Thus  it  will  be  seen  that  the  species 
under  observation  occupy  a  middle  pK>sition  between  the  highest 
and  the  lowest  genera  in  the  systematic  classification  of  termites. 

HISTORICAL. 

According  to  Desneux,  Smeathman's  marvelous  descriptions  in 
Some  Account  of  the  Termites  Which  Are  Found  iii  Africa  and  Other 
Hot  Climates  (London,  1781)  are  the  real  basis  of  scientific  re- 
searches on  the  biology  of  termites.^  Hagen  ^  gives  a  rfeum6  of  the 
researches  on  termites  up  to  1860.  Drummond's  Tropical  Africa 
(London,  1889),  in  chapter  6,  gives  an  interesting  accoimt  of  *' white 
ants."  Froggatt,  in  Australian  Termitidae,^  ^ves  a  rfeum6  of  the 
studies  of  various  workers  on  termites.  Saville-Kent,  in  Chaptar 
HI  of  the  Naturalist  in  AustraUa  (London,  1897),  describes  the 
habits  of  termites  in  the  Tropics;  Smeathman,  Drummond,  and 
Saville-Kent  in  their  popular  accounts  of  termites  stimulated  interest 
in  the  habits  of  these  insects  and  led  to  scientific  researches.  Grassi 
and  Sandias,*  in  their  classical  work,  have  outlined  the  results  of 
the  more  important  biological  researches.     Sharp-^  gives  an  excellent 

o  Holmgren,  N.  Termitenstudien  2.  Systematik  der  Termiten.  K.  Svenska 
Vetensk.  Akad.  Handl.,  Bd.  46,  No.6,  pp.  86,  Taf.  1-6,  Uppsala  &  Stockholm,  1911. 
Ordnung  Isoptera,  p.  10-11. 

6  Smeathman,  H.  Some  account  of  the  termites,  which  are  found  in  Africa  smd 
other  hot  climates.  In  Philos.  Trans.  London,  v.  71,  p.  139-192, 3  pis.,  1781.  (Smeath- 
man's  observations  were  afterwards  confirmed  by  Savage  in  1850  and  the  late  G.  D. 
Haviland.) 

c  Hagen,  H.  A.  Monographie  der  termiten.  LintisDa  Entomologica,  v.  10,  1855, 
p.  1-144,  270-325;  v.  12,  1858,  p.  1-342,  pi.  3;  v.  14,  1860,  p.  73-128. 

d  Froggatt,  W.  W.  Australian  Tennitidae,  Part  I.  Proc.  Linn.  Soc.  N.  S.  Wales, 
V.  10,  ser.  2,  p.  415-438,  July  31,  1895.    Distribution,  p.  416-426. 

«  Grassi,  B.,  and  Sandias,  A.  The  constitution  and  development  of  the  society  of 
termites;  observations  on  their  habits;  with  appendices  on  the  parasitic  protozoa  of 
Termitidae  and  on  the  Embiidse  translated  by  F.  H.  Blandford.  Quart.  Jour. 
Micros.  Sci.  [London],  v.  39,  pt.  3,  n.  s.,  p.  245-322,  fold.  pi.  16-20,  November,  1896, 
and  V.  40,  pt.  1,  p.  1-75,  April,  1897. 

/Sharp,  D.  Cambridge  Nat.  Hist.,  vol.  5,  Insects,  Pt.  1,  chap.  16,  p.  356-390,  Ixm- 
don,  1901. 
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summary  of  the  various  writings  on  termites  up  to  1901.  Escherich** 
gives  a  rfeum6  of  the  more  important  work  up  to  1909,  and  also  an  ex- 
tensive bibliography.  Holmgren's  treatise  ^  deals  with  anatomy,  sys- 
tematic classification,  development,  and  biology,  and  gives  asimtmiary 
of  the  effect  of  the  social  life,  as  shown  in  the  progressive  and  retro- 
gressive development  of  termites.  Bugnion  ^^  <*  has  recently  made 
observations  that  lead  him  to  state  that  (in  EuUrmes  lacustris 
Bugnion  and  Termes  spp.)  the  differentiation  of  the  three  castes 
occurs  in  the  embryo.  Feytaud  *  has  published  an  account  of  the 
life  history  of  Leucotermes  lAicifugua  Rossi,  a  species  closely  related 
to  our  common  species  of  the  eastern  United  States.  His  observa- 
tions confirm  those  of  Heath  on  the  same  species  in  this  country. 
He  also  made  studies  of  the  internal  anatomy.  The  more  important 
contributions  to  our  knowledge  of  termites  are  the  results  of  re- 
searches by  Bobe-Moreau,  Bugnion,  Czervinski,  Desneux,  Doflein, 
Drummond,  Escherich,  Feytaud,  Froggatt,  Grassi  and  Sandias, 
Hagen,  Haldemann,  Haviland,  Holmgren,  Jehring,  Latreille,  Leidy, 
Lespte,  Fritz  MuUer,  P6rez,  Perris,  Petch,  Rosen,  Savage,  Silvestri, 
Sjostedt,  Smeathman,  Wasmann,  and  many  others.  In  the  United 
States,  Banks,  Buckley,  Hagen,  Heath,  Howard,  Hubbard,  Joutel, 
Knower,  Marlatt,  Porter,  Schaeffer,  Schwarz,  Scudder,  Stokes,  Strick- 
land, and  Wheeler  have  contributed  to  the  knowledge  of  the  habits 
of  our  native  species.  The  following  paragraph  gives  a  brief  r6sum6 
of  the  more  important  researches  on  the  biology  of  the  common 
species  of  Leucotermes  in  the  United  States. 

H.  A.  Hagen  contributed  several  articles  on  the  habits  otjlampes, 
and  has  described  forms  ^*  o  f oimd  by  the  late  Mr.  H.  G.  Hubbard,  of 
the  Division  of  Entomology.  Hubbard,  many  of  whose  unpublished 
notes  are  herein  included,  was  the  first  to  find  royal  individuals,  both 

o  Escherich,  K.  Die  Termiten  .  .  .  eine  biologische  Studie,  p.  2-7,  Leipzig, 
1909. 

ft  Hohngren,  N.  Termitenstudien  3.  Systematik  der  Termiten.  Die  Familie 
Metatermitidae.  K.  Svenska  Vetensk.  Akad,  Handl.,  Bd.  48,  No.  4,  166  p.,  Taf. 
1-4,  Uppsala  &  Stockhohn,  1912. 

Blick  auf  dem  mutmasslichen,  stammesgeschichtlichen  Entwicklungsverlauf  der 
Termiten,  p.  129-153. 

Hohngren,  N.  Termitenstudien  2.  Systematik  der  Termiten.  K.  Svenska 
Vetensk.  Akad.  Handl.,  Bd.  46,  No.  6,  pp.  86,  Taf.  1-6,  Uppsala  A  Stockhohn,  1911. 
Ordnung  Isoptera,  p.  10-11. 

c  Bugnion,  E.  La  differenciation  des  castes  chez  les  termites  [Nevr.].  Bui.  Soc. 
Ent.  France,  1913,  no.  8,  p.  213-218,  April  23,  1913. 

d  Bugnion,  E.  Les  termites  de  Ceylan.  Le  Globe:  Memoires,  Soc.  Geog.  Creneva, 
t.  62,  p.  24-58,  1913. 

<  Loc.  cit. 

/Hagen,  H.  A.  The  probable  danger  from  white  ante.  Amer.  Nat.,  v.  10,  No.  7, 
p.  401-410,  July,  1876. 

Q  Riley,  C.  V.  Social  Insects  from  psychical  and  evolutional  pointe  of  view.  Proc. 
r\  1.  Soc.  Wash.,  V.  9,  p.  1-74,  figs.  12,  April,  1894. 
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true  and  neoteiniC;  in  the  United  States^  and  his  material  forms  an 
important  auxiliary  to  later  investigations.  Much  of  Hubbard's  col- 
lecting in  Florida  and  Arizona  was  done  in  company  with  Mr.  E.  A. 
Schwarz,  of  the  Bureau  of  Entomology,  who  has  since  published^ some 
of  his  observations  on  the  habits  of  termites  in  southwestern  Texas. 
The  Rev.F.L.OdenbachyS.  J.yOf  Cleveland,  Ohio,  has  studied  the  hab- 
its of  our  native  species  of  termites  since  1893,  and  has  contributed 
many  manuscript  notes.  Mr.  L.  H.  Joutel,  of  New  York,  has  studied  the 
habits  of  our  common  species^  and  has  contributed  some  impublished 
notes.  Dr.H.McE.  Knower,«late  of  Johns  Hopkins  University,  in  1894 
published  new  and  important  contributions  on  the  embryology  of  ter- 
mites (Eutermes).  His  observations  are  not  in  accord  with  those  of 
Bugnion,  since  he  determined  that  the  nasutus  develops  from  a 
worker-like  larva  nearly  as  large  as  a  young  nasutiis,  having  13 
joints  to  the  antenna  and  worker-like  head  and  jaws.  This  worker- 
like larva  had  a  small  head  gland  with  no  ''come  frontale''  on  the 
outside  of  the  head,  although  sections  show  essentially  the  same 
structure  in  the  gland  as  that  of  the  nasutus.  Mr.  C.  Schaeff^,  of 
Brooklyn,  N.  Y.,  was  the  first  to  record^  the  presence  of  a  fertilized 
true  queen  of  Jlavipes  in  a  colony.  The  researches  *  of  Dr.  Harold 
Heath,  of  Stanford  University,  Cal.,  on  the  habits  of  California  ter- 
mites confirm  the  statements  of  P6rez  and  Perris  that  some  colon- 
izing individuals  of  Leucotermes  lucifugus  succeed  in  establishing  new 
colonies.  Mr.  Nathan  Banks,  of  the  Bureau  of  Entomology,  has 
contributed  several  articles  on  our  native  termites,  and  has  described 
a  new  species  of  Leucotermes  {virginicfos)  ^  from  the  eastern  United 
States.  Mr.  C.  L.  Marlatt,  assistant  chief  of  the  Bureau  of  Ento- 
mology, has  described  the  distribution,  life  history,  and  destructive- 
ness  of  jlavipes  in  the  United  States  and  figured  the  castes.^  Mr. 
E.  n.  Strickland,*  Carnegie  scholar  in  economic  entomology  at  Bos- 

a  Schwarz,  E.  A.  Tennitidae  observed  in  southwestern  Texas  in  1805.  Proc.  Ent. 
Soc.  Wash.,  V.  4,  No.  1,  p.  38-42,  Nov.  5,  1896. 

&  Joutel,  L.  H.  Some  notes  on  the  ravages  of  the  white  ant  ( Termesflatnpes).  Jour. 
N.  Y.  Ent.  Soc.,  V.  1,  No.  2,  p.  89-90,  June,  1893. 

c  Knower,  H.  McE.  Origin  of  the  "Nasutus"  (soldier)  of  Eutermes.  Johns  Ho]>- 
kins  Univ.  Circ.,  v.  13,  No.  Ill,  p.  58-59,  April,  1894. 

d  Schaeffer,  C.    Jour.  N.  Y.  Ent.  Soc.,  v.  10,  No.  4,  p.  251,  December,  1902. 

«  Heath,  Harold.  The  habits  of  Califomia  termites.  Biol.  Bui.,  v.  4,  No.  2,  p. 
47-63,  January,  1903. 

/Banks,  N.  A  new  species  of  termes.  Ent.  News,  v.  18,  No.  9,  p.  392-393, 
November,  1907. 

0  Marlatt,  C.  L.  The  "White  Ant  ( Termes  flavipeSy  KolL).  U.  S.  Dept.  Agr.,  Bur. 
Ent.,  Circ.,  No.  50,  rev.  ed.,  pp.  8,  figs.  4,  June  27, 1908. 

h  Strickland,  E.  H.  A  quiescent  stage  in  the  development  of  TermeM  favipea 
Kollar.    Jour.  N.  Y.  Ent.  Soc.,  v.  19,  No.  4,  p.  256-259,  December,  1911. 
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ton,  Mass.,  has  described  and  illustrated  a  quiescent  stage  in  the 
development  of  the  nymph  of  the  first  form  of  Leucotermes  Jlavipes, 
which  stage  was  discovered  by  Prof.  W.  M.  Wheeler,  of  Bussey  Insti- 
tute. 

While  investigating  damage  to  the  bases  of  telegraph  poles  by 
wood-boring  insects  a  large  fertilized  true  queen  of  Leucotermes 
Jlavipes  was  found  by  the  writer  on  August  12, 1910.**  The  finding  of 
this  interesting  form,  usually  considered  to  be  rare  in  colonies  of  our 
native  termites,  served  as  an  incentive  to  further  biological  study  on 
the  habits  of  our  common  species.     On  August  11,  1911,  molting 


Pio.  4.— view  at  Palls  Church,  Va.,  showing  a  portion  of  the  treated  experimental  stakes  under  test, 
as  to  the  relative  efteotiveness  of  preventives  against  termite  attack.    ( Original . ) 

larv8B  in  the  quiescent  stage  were  observed  by  the  writer  for  the  first 
time,  in  a  colony  in  Illinois.  Special  investigations  were  begun  at 
Falls  Church,  Va.,  in  March,  1912,  to  determine  (1)  the  habits  of  our 
conmion  termites,  (2)  the  eflFectiveness  of  various  methods  and  chem- 
ical wood  preservatives  in  preventing  attack  by  our  native  termites 
(fig.  4),  and  (3)  the  ''immunity''  (?)^  or  relative  resistance  of  native 
and  tropical  species  of  wood.*' 

a  Snyder,  T.  E.  Record  of  the  finding  of  a  true  queen  of  Termcs  flavipes  Kol. 
Proc.  Ent.  Soc.  Wash.,  v.  14,  No.  2,  p.  107-iaS,  June  19,  1912. 

6  It  is  doubtful  if  any  species  of  native  wood  of  economic  importance  is  absolutely 
immune  to  termite  attack. 

c  Impregnation  of  wood  to  resist  insect  attack.     Amer.  Lumberman,  Nov,  15,  1913 
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BIOLOGICAL  EXPBBOCBNTS. 
THE    TERMITARIUM. 

Early  in  March,  1912,  work  was  begun  on  a  large  outdoor  termi- 
tarium,  at  Falls  Church,  Va.  The  projects  outlined  for  study  in 
connection  with  the  termitarium  were  (1)  to  observe  the  progressive 
development  of  the  termite  from  the  larva  to  the  adult,  especially 
in  the  case  of  the  colonizing  form;  (2/  to  watch  the  insects  when  they 
swarmed,  to  determine  whether  this  swarming  is  a  nuptial  flight, 
i.  e.,  whether  or  not  the  sexes  leave  the  nests  in  separate  swarms 
and  at  what  time  copulation  occurs;  (3)  to  observe  how  the  new  col- 
ony is  established,  (4)  in  what  proportion  the  pairs  survive,  and  (5) 
the  conditions  in  the  parent  colony  after  the  swarm  is  over. 

The  termitarium  was  merely  a  large  cage  in  which  the  termites 
could  swarm  under  conditions  as  nearly  similar  to  those  in  nature 
as  possible.  The  cage  consisted  of  a  bottom  of  galvanized  iron  in 
the  form  of  a  rectilinear  box  simk  in  the  groxmd  to  the  depth  of  a 
foot,  a  framework  of  wood  to  support  the  wire  netting,  and  a  wooden 
roof  covered  with  tarred  paper.  The  bottom  of  the  cage  consisted 
of  a  galvanized-iron  box  10  by  6  feet  and  1  foot  deep,  of  27-gauge 
galvanized  sheet  iron  with  an  inch  flange  turned  inwards.  (Fig.  5,  a.) 
This  box  was  raised  off  the  groimd  on  a  wooden  floor  of  seven-eighths 
inch  material,  4  inches  wide,  which  was  laid  on  2  by  4  inch  studding. 
There  was  an  air  space  of  1  inch  between  the  sides  of  the  box  and  the 
earth,  as  well  as  a  similar  space  between  the  gheet-iron  bottom  and 
the  earth.  The  top  of  the  sheet-iron  box  was  nailed  to  a  framework 
of  2  by  4  inch  studding,  which  was  supported  on  cedar  posts,  the  top 
of  the  box  being  several  inches  above  the  surface  of  the  ground. 
Loose  earth  was  placed  in  the  box  to  about  half  its  depth,  over  which 
was  spread  a  shallow  layer  of  black  earth  (leaf  mold)  from  the  forest 
floor,  for  the  purpose  of  retaining  moisture.  The  wooden  framework 
consisted  of  2  by  4  inch  studding,  which  was  covered  on  the  inside 
with  galvanized-wire  netting  (14  squares  mesh  per  inch)  and  rein- 
forced at  the  side  and  ends  by  boards  4  inches  wide  by  seven-eighths 
inch  thick.  The  cage  is  about  7  feet  in  height,  and  the  roof,  slanting 
away  from  a  shed  against  which  it  is  built,  acquires  sufficient  pitch 
to  shed  rainfall.     (Fig.  6,  6.) 

Two  chestnut  logs  which  had  been  cut  and  allowed  to  season 
about  one  month  before  the  experiment  was  begun  were  placed  in 
the  cage.  One  was  placed  on  end  in  the  dirt,  the  top  of  the  log 
approximating  the  height  of  a  stump,  while  the  other,  a  tangential 
section,  was  partially  buried  in  the  ground.  The  bark  was  loosened, 
but  was  left  intact  on  both  logs.  The  logs  were  both  sound,  but 
were  kept  moist.  A  number  of  small  decaying  branches  and  strips  of 
decaying  chestnut  boards  were  also  laid  flat  upon  the  earth  in  the 
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termitarium,  after  a  careful  examination  to  determine  that  no 
termites  were  already  present.  The  earth  in  the  cage  was  kept 
sufficiently  moist  in  the  endeavor,  in  so  far  as  possible,  to  approxi- 
mate natiiral  conditions.     (Fig.  5,  c.) 

The  termitarium  was  ready  for  occupancy  on  April  8,  and  a  chest- 
nut log  infested  with  a  colony  of  Leucotermea  jUwipea  was  introduced. 
This  log  had  the  bark  on  and  was  partially  buried.  On  April  9  a 
decaying  oak  stump  containing  a  colony  of  Uie  same  species  was 
also  placed  in  the  cage  and  partially  buried  in  the  earth.  Several 
termite  colonies  in  logs  and  stumps  in  the  forest  were  kept  imd^ 
observation  at  the  same  time,  and  seasoned  logs  and  slabs  with 
loosened  bark  were  placed  near  by  xmder  conditions  similar  to  those 
in  the  cage.  The  following  notes  are  based  on  observations  of 
colonies  of  termites  in  the  termitarium,  colonies  in  small  tin  boxes, 
and  colonies  in  nature. 

COMinrNAL  OBOANIZATION. 

SITUATION   OF  THE   NESTS. 

Termites  in  the  eastern  United  States  Tisually  make  their  nests  in 
decaying  stumps  or  in  logs  and  even  small  pieces  of  wood  on  the  for- 
est floor,  although  they  also  inhabit  dead  standing  trees  as  well  as 
injured  living  trees.  They  never  form  mounds  as  in  the  Tropics.  These 
soft-bodied  insects  always  conceal  themselves  within  wood  or  in 
earth  as  means  of  protection  against  sunlight  and  their  enemies,  in 
consequence  of  which  much  of  the  damage  they  do  is  hidden.  Ter- 
mites of  the  genus  Leucotermes  are  essentially  wood  destroyers  and 
infest  and  seriously  injure  a  great  variety  of  crude  and  finished 
forest  products  which  are  in  contact  with  the  groimd.  The  longi- 
tudinal excavations  usually  follow  the  grain  of  the  wood,*  and  in  the 
more  sound  wood  their  work  is  confined  to  the  outer  layers,  where 
there  is  abundant  moisture  and  incipient  decay.  A  protective  outOT 
shell  of  wood  is  always  left  intact,  since  all  except  the  winged,  scxed, 
colonizing  forms  shun  the  Ught  and  are  blind.  Small,  transverse, 
round  tunnels  which  nearly  pierce  the  outer  shell  are  to  be  feund 
when  their  tunnels  closely  approach  the  exterior.  Sometimes  the 
thickness  of  this  protective  shell  is  less  than  one-half  nullimeter. 
These  may  be  soundings  to  see  how  nearly  the  surface  is  being  ap- 
proached, or  merely  unfinished  excavations  for  the  exit  of  the  sexed 
adults,  or  possibly  they  may  be  feeding  burrows.  Termites  often 
take  advantage  of  the  burrows  of  other  wood-boring  insects,  enlarg- 
ing and  adapting  them  to  their  purposes;  by  these  means  they  are 

o  Termite  work  can  be  readily  distinguished  from  that  of  carpenter  ants,  whose  ex- 
cavations do  not  follow  the  grain.  Sometimes  in  decayed  wood,  however,  termites 
construct  long,  deep,  but  narrow,  transverse  galleries  across  the  grain,  formiag  ledges 
or  shelves. 
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Damage  by  Termites. 
Pine  bam  sill  cut  into  ribbons  by  Leucotermes  ep.  at  Mayfield,  Kans.    (Original.) 
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Plate  VI. 


Damage  by  TERMiTEa 

lining  RtaR-he&ded  chestnut  tree,  50  feet  in  length.  Falls  Church.  Va.  a,  Oomplete  length  of 
tree  showlnjc  stag  top  and  lightning  scar  on  side;  6,  view  of  interior  showing  heartwood 
completely  honeycombed  ;  c.  view  of  north  side  of  tree  showing  width  of  scar,  and  honey- 
combed interior.    (Original.) 
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able  to  penetrate  more  rapidly  to  the  heartwood  and  honeycomb  the 
mterior. 

Termites  quickly  disintegrate  the  wood  of  dead  trees  and  stumps, 
which  soon  becomes  converted  to  humus,  the  rapidity  with  which 
this  is  done  depending  on  the  relative  resistance  of  the  species  of 
wood.  This  beneficial  r61e  in  nature,  however,  is  offset  by  the  enor- 
mous destruction  they  accomplish  in  rapidly  rendering  insect,  fire, 
and  disease  killed  timber  unmerchantable  and  by  the  damage  they 
inflict  to  the  roots  and  trunks  of  injured  living  trees.  Termites  will 
infest  the  heartwood  of  living  trees  injured  at  the  base  by  fire,  dis- 
ease, or  other  insects  (PL  III),  and  sometimes  in  such  trees  they 
excavate  upward,  throughout  the  dead  heartwood,  longitudinal  tun- 
nels, irregular  in  diameter,  the  sides  of  which  are  lined  with  earth 
mixed  with  excrement.  These  insects  also  infest  the  roots  of  living 
trees,  finding  ingress  through  abandoned  burrows  of  the  large, 
roundheaded  (Prionid)  borers.  Sometimes  they  girdle  young  trees — 
forest-tree  nursery  stock,  for  example — eventually  cutting  the  trees 
off  near  the  ground,  examination  disclosing  that  the  stems  were 
honeycombed.  This  is  not  necessarily  due  to  the  presence  of  dead 
wood  near  by,  since  termites  will  tunnel  for  long  distances  under- 
ground. While  usually  confining  their  work  to  moist  or  decaying 
timber  or  to  vegetable  material  of  any  sort,  and  to  books  (PL  IV) 
and  papers  that  are  somewhat  moist,  termites  will  attack  seasoned, 
dry  wood,  provided  there  is  access  to  moisture  elsewhere;  i.  e.,  they 
use  moist  frass  and  earth  in  extending  the  burrows,  thus  creating 
more  favorable  conditions.  In  the  Southern  States  termites  will 
infest  the  bark  and  outer  layers  of  the  wood  of  the  base  of  yellow 
pines  killed  by  barkbeetles  before  the  foliage  has  all  fallen;  trees 
that  have  been  killed  in  the  spring  and  show  reddish-brown  needles 
and  much  fallen  foUage  being  infested  by  the  middle  of  August. 
Trees  killed  in  the  spring  will  also  have  the  outer  layers  of  wood  of 
the  base  honeycombed  by  the  following  December.  (Fig.  6.)  The 
larger-celled,  thin-walled  spring  wood  is  eaten  away  first,  leaving  the 
smaller-celled,  harder  summer  wood  uneaten.     (PL  V.) 

Where  the  heartwood  is  decayed  in  a  standing  living  tree  termites 
will  work  for  a  considerable  distance  above  the  groxmd,  completely 
honeycombing  the  heartwood.  In  a  living  chestnut  tree  at  Falls 
Church,  Va.,  with  the  decayed  heartwood  exposed  in  a  long  scar, 
termites  had  infested  the  heartwood  to  a  height  of  from  45  to  50  feet 
above  the  groimd.  The  outer  shell  of  Uving  sapwood  was  intact. 
(PL  VI.) 

Termites  are  quite  effective  in  clearing  fields  of  old  snags  and 
stumps,  but  this  benefit  is  offset  by  the  damage  they  do  to  posts  and 
bxiildings. 

62896°— Bull.  94,  pt  2—15 2 
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Termites  (Leucotermes  spp.)  abo  inhabit  subterranean  passages. 
Drunimond  has  compared  tropical  species  of  termites  to  earthworms 
and  declared  that  they  are  equally  as  beneficial  to  man  in  aerating 
the  soil.  After  swarming,  many  of  the  sexed  adults  excavate  shallow 
cells  in  the  earth  imder.  small  pieces  of  decaying  wood,  and  later  enter 
the  wood.     The  royal  cell  is  constructed  in  decaying  wood  or  in  the 

earth  slightly  below  the  surface  of 
the  groimd.  Termites  usually  in- 
fest wood  by  entering  from  the 
ground  imdemeath,  rather  than 
directly  on  the  exposed  surface,  the 
latter  being  usually  the  habit  at  the 
time  of  the  swarm.  {Termopsis 
anffusticoUis  Walk,  usually  infests 
wood  by  gaining  ingress  through 
wounds  and  abrasions.)  None  of 
the  sound  traplogs  with  loose  bark 
in  the  termitarium  or  in  the  forest 
was  infested  except  at  the  point  of 
contact  with  the  ground,  but  ter- 
mites in  pairs  have  been  found  un- 
der loose  split  bark  on  decaying 
logs  where  more  moistxu^  was  pres- 
ent. Workers  and  soldiers  are  fre- 
quently to  be  found  in  the  spring 
in  small  pieces  of  decajdng  wood 
Ijdng  on  the  ground,  and  termites 
probably  extend  old  colonies  or  es- 
tablish new  colonies  by  means  of 
subterranean  tunnels.  During  the 
winter  the  members  of  the  colony 
are  to  be  found  in  a  labyrinth  of 
undergound  passages. 

These  excavations  are  of  varying 
size  and  shape,  and  extend  in  all  di- 
rections. Some  of  the  tunnels  are 
partitioned  off  into  separate  cham- 
bers, while  others  are  unpartitioned 
In  the  main  runways  the  very  young  are  absent.  The 
partitions  consist  either  of  uneaten  portions  of  the  wood  or  small  coni- 
cal piles  of  moist  earth  mixed  with  frass  (excreted,  finely  digested 
wood)  of  clay-like  consistency.  Sometimes  in  broad,  shallow  chan- 
nels a  small  irregular  mass  nearly  blocks  the  channel.  The  sides  of 
the  channels  are  smooth,  and  the  uneaten  masses  of  wood  which 
serve  as  barricades  appear  as  little  islands  and  are  distinct  because  of 


Fio.  6.— Work  of  termites  in  insect^killed  southern 
yellow  pine.  Tree  killed  In  the  spring;  wood  at 
base  honeycombed  by  following  December. 
Spartanburg,  S.  C.    (Original.) 


runways. 
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the  rough  appearance  due  to  the  pores  and  cell  walls  of  the  wood. 
The  walls  of  these  channels  are  spotted  with  little  piles  of  finely 
digested,  excreted  wood,  giving  the  wood  a  characteristic  mottled 
appearance. 

Large  cavities  encountered  by  termites  when  working  in  the  wood 
of  logs,  poles,  or  trees  with  decayed  heartwood  or  hollow  core  are 
usually  fiUed  up  with  moist  earth  mixed  with  frass,  the  whole  having 
a  clay-like  consistency  and  a  conglomerate  appearance  due  to  the 
irregular  deposits  of  excreted,  finely  digested  wood.  The  "doty" 
hollow  cores  in  the  bases  of  infested  poles  are  filled  up  in  this  maimer. 

In  all  their  operations  the  termites  carefully  wall  up  and  conceal 
themselves.  Usually  there  is  but  little  evidence  on  the  exterior  of 
infested  wood  to  indicate  the  presence  of  termites,  and  they  may  not 
be  detected  tmtil  the  interior  is  ^completely  honeycombed.  Sexed 
adults  swarming  from  infested  buildings  are  always  a  warning  of  their 
presence.  Again,  the  outer  surface  is  covered  over  with  longitudinal 
viaducts  of  small  diameter  constructed  of  earth  (PL  VII,  figs.  1  and  2), 
and  whereas  the  interior  channel  is  smooth,  the  exterior  has  a  rough 
granular  appearance.  These  viaducts  are  resorted  to  in  order  to 
extend  the  colony  or  to  reach  some  object,  such  as  decayed  wood,  or 
when  their  pathway  crosses  some  impenetrable  substance,  the  object, 
of  course,  being  always  protection  from  the  light — all  except  the 
winged  sexed  adults  shun  the  light — and  their  numerous  enemies. 
Viaducts,  or  "sheds,''  can  be  seen  running  up  to  a  considerable  height 
above  the  groimd  in  the  longitudinal  weathering  checks  on  poles  and 
posts,  as  well  as  between  the  crevices  in  the  bark  of  infested  dead 
and  Uving  trees,  and  tmcovered  viaducts  are  foimd  under  the  loose 
bark  on  dead  trees.  Viaducts  in  the  interior  of  hollow-cored  poles  or 
trees  may  be  of  large  diameter  and  may  consist  of  several  irregular 
longitudinal  interior  channels. 

Termites  sometimes  resort  to  another  type  of  viaduct,  which  for 
descriptive  purposes  may  be  called  suspended  tubes.  On  May  26, 
1912,  at  Elkins,  W.  Va.,  Dr.  A.  D.  Hopkins  found  termite  tubes  of  earth, 
5  to  6  inches  long,  hanging  from  the  end  of  a  Virginia  scrub  pine 
sapling  which  had  fallen,  leaving  the  broken  base  2  feet  from  the 
ground.  The  termites  had  evidently  infested  the  base  of  the  sapling 
through  the  ground  before  it  f eU  and  were  trying  to  make  connection 
with  the  groimd  by  means  of  these  suspended  tubes.     (Figs.  7  and  8.) 

These  covered  viaducts  or  sheds,  the  imcovered  viaducts,  and  the 
tubes — aU  constructed  by  termites  of  earth  and  excreted  wood — are 
fragile. 

NUMBER   OF   INDIVIDUALS    IN   COLONIES. 

Young  colonies  of  Leucotermes  Jlavipes — that  is,  colonies  but 
recently  estabUshed,  in  decaying  wood  or  in  the  ground  under  decay- 
ing wood,  by  sexed  couples  that  have  swarmed — are  small,  and  since 
the  rate  of  egg-laying  by  the  young  queens  is  remarkably  slow,  the 
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increase  in  numbers  is  also  correspondingly  slow.  Observations  of 
such  incipient  colonies  in  the  spring  of  1912  and  1913,  after  the  swarm, 
the  time  of  which  varies  with  the  season,  from  the  middle  of  June  to 
early  July,  indicate  that  from  6  to  12  eggs  are  normally  to  be  found 
with  pairs  of  Jlavipes.  While  the  brood  first  hatched  is  relatively 
small,  contrary  to  the  habits  in  the  other  social  insects  coition  is 
repeated  and  the  young  colony  gradually  increases  in  numbers. 

On  April  25,  1912,  at  Falls  Church,  Va.,  a  small  colony  or  sub- 
colony  of  Leucoterm€8  jlavipes,  the  branch  of  a  larger  colony,  was 
found  under  a  small  chestnut  slab  sunken  in  the  ground.  The  day 
was  warm  and  bright  and  many  members  of  the  colony  were  congre- 


Fia.  7.  — Susi^ended  tubes,  oonstructM  by  termites  of  earth  and  excreted  wood. 
(Original.) 

gated  under  the  slab  above  ground.  An  attempt  was  made  to  cap- 
ture the  entire  colony  in  order  that  the  relative  proportions  of  the 
various  castes  might  be  ascertained.  Although  nymphs  of  the  first 
form  constituted  the  most  abundant  caste,  some  few  transforming 
nymphs  and  a  few  sexed  adults  were  present,  as  well  as  a  few  workers 
and  soldiers.  Workers  constituted  the  second  most  abundant  caste. 
Nymphs  of  the  second  form  appeared  more  active  than  the 
nymphs  of  the  first  form.  The  following  possibly  is  not  a  fair  state- 
ment, either  of  the  number  of  individuals  in  the  colony  or  the  rela- 
tive proportions  of  the  different  castes,  since  (1)  the  nymphs  were 
probably  above  ground  to  take  advantage  of  the  warm  afternoon 
sun  which  would  aid  their  development — a  common  procedure;  (2) 
only  a  few  workers  and  soldiers  were  necessary  to  attend  them  and 
no  doubt  many  more  were  still  in  the  subterranean  passages;   (3) 
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many  escaped  and  the  workers  would  escape  more  easily  than  the 
nymphs;  (4)  probably,  unconsciously,  more  effort  was  made  to  cap- 
ture nymphs  and  soldiers  than  workers.  The  following  figures, 
however,  will  probably  approximate  the  relative  abundance  of  castes. 
Nymphs  of  the  first  form,  279;  nymphs  of  the  second  form,  86; 
nymphs  of  the  first  form  in  the  quiescent  stage,  31 ;  individuals  in  the 
stage  following,  that  is,  with  wings  unfolded  and  held  away  from  the 
body,  3;  immature  sexed  adults  without  pigmentation,  17;  immature 
sexed  adults  with  gray  pigmentation,  26;  nearly  mature  adults,  5; 
nymphs  of  the  second  form  molting,  4;  workers,  93;  soldiers,  24; 
the  total  being  568.  Nymphs  of  the  second  form  were  only  one- 
fourth  as  numerous  as  nymphs  of  the  primary  form,  and,  including 
all  stages  to  sexed 
adults,  gave  a  count 
of  90  to  361,  respec- 
tively. 

On  March  22,  1913, 
at  Black  Mountain, 
N.  C,  nymphs  of  the 
second  form  (flavipes) 
taken  in  a  small  de- 
caying oak  branch  on 
the  ground  greatly 
outnumbered  nymphs 
of  the  first  form,  al- 
though usually  the  lat- 
ter is  by  far  the  more 
numerous  form. 

Due  to  the  wander- 
ing habits  of  species  of 
this  genus,  it  is  difficult  to  estimate  the  size  and  extent  of  an  old, 
well-established  colony,  which  may  branch  out  over  several  acres  of 
ground. «  However,  the  number  of  individuals  in  well-established, 
permanent  colonies  probably  runs  up  into  the  ten  thousands,  since 
from  5,000  to  10,000  (estimated)  eggs,  scatteringly  or  in  clusters  the 
size  of  a  pea,  were  found  in  a  large  colony  of  Leucotermes  virginicus 
near  Chain  Bridge,  Va.,  on  June  19,  1913.  This  colony,  which  was 
in  a  large  decaying  black  oak  log,  consisted  of  a  large  number  of 
workers  and  soldiers,  and  numerous  larvae. 

THE  DIFFERENT  CASTES— POLYMORPHISM. 

In  a  termite  colony  there  are  several  different  forms,  or  castes,  of 
mature  individuals,  as  well  as  those  of  different  castes  in  the  various 
stages  of  development.     The  castes  are  the  workers,  the  soldiers,  the 

oThe  spreading  out  of  a  colony  is  largely  due  to  increase  in  numbers  and  consequent 
need  of  fresh  supply  of  food;  that  is,  decaying  wood. 


Fio.  8.— Broken-off  pine  sapling  from  basal  end  of  which  tubes  In  fig- 
ure 7  were  suspended  by  termites  toward  stump.    (Original.) 
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colonizing  winged  adults  of  both  sexes,  the  supplementary  or  neo- 
teinic*  reproductive  forms  (often  in  large  numbers)  ^  both  "ergatoids" 
and  nymphal  ^'neotenes/'  and  the  single  true  rojal  pair.  Besides  these 
mature  forms  there  are  freshly  hatched,  undifferentiated  larvse,  differ- 
entiated larvie,  and  nymphs  of  the  first  and  second  forms.  Of  course, 
all  these  forms  are  not  present  in  a  colony  at  the  same  time,  as  there 
is  seasonal  variation. 

Workers  are  developed  from  larvee  that  will  not  mature  the  sexual 
organs,  but,  unlike  the  bees,  are  of  both  sexes.  They  are  dirty  white 
in  color,  are  large-headed  and  softrbodied,  with  10  segments  to  the 
abdomen,  and  at  maturity  are  approximately  5  millimeters  in  lengUi 
injlavipes  and  3.5  millimeters  in  virginicus.  The  antennsB  consist  of 
15  to  17  segments  exclusive  of  the  base  in  jUwipes  and  13  to  15  in 
virginicus.  The  workers  constitute  the  most  injurious  wood-de- 
stroying form  and  have  well-developed  mandibles.  The  left  man- 
dible has  five  pointed  teeth,  the  fifth  tooth  with  a  broad  base,  and  the 
inner  margin  having  parallel  carinse.  The  right  mandible  has  two 
pointed  teeth,  the  third  and  fourth  teeth  being  broad,  and  the  fourth 
with  parallel  carinae.  The  mandibles  evidently  have  both  tearing 
and  rasping  functions.  The  labrum  is  roimded.  The  worker  ter- 
mites possess  a  large  intestinal  paimch  and  the  contents  enable  the 
outline  of  this  paimch  to  be  seen  through  the  tissue  of  the  abdomen. 
Workers  are  blind. 

Soldier  termites  (fig.  9,  a)  are  more  highly  specialized  workers, 
being  also  developed  from  large-headed  workerlike  larvae  that  will 
not  mature  the  sexual  organs,  and  the  caste  is  represented  by  both 
sexes.  While  they  are  soft^bodied,  the  head,  which  is  pigmented 
yellowish-brown,  is  chitinized  and  is  more  oblong  and  elongate  than 
in  the  worker,  tapering  slightly  toward  the  apex,  or  being  slightly 
broader  at  the  base.  The  mandibles,  which  are  enormously  devel- 
oped, are  long,  slender,  saberlike,  with  no  marginal  teeth,  chitinized, 
and  of  a  yellowish-brown  color.  The  body  is  of  a  dirty  white  or  pale 
yellowish  color.  The  labrum  of  the  soldier  is  more  narrow  than 
that  in  the  worker,  elongate,  and  subelliptical.  The  **menton," 
which  is  chitinized,  is  convex,  elongate,  and  more  slender  in  com- 
parison with  the  worker.  Mature  soldiers  are  from  6  to  7  millimeters 
in  length  mjlavipes  and  4.5  to  5  millimeters  in  length  in  virginicus. 
The  antenna  has  from  14  to  17  segments  injlavipes  and  15  s^ments 
in  virginicus.     The  soldiers,  as  well  as  the  sexed  adults,  of  these  two 

oGrassi,  B.,  and  Sandias,  A.  Op.  cit.,  p.  249:  "The  term  neoteinia  has  been  intro- 
duced by  Camerano  (Bui.  Soc.  Ent.  Ital.  [v.  17],  1885,  pp.  89-04)  to  denote  the  per- 
sistence during  adult  life  of  part  or  all  of  the  characteristics  normally  peculiar  to  the 
immature,  growing,  or  larval  stages.  *  *  ♦  Neoteinia,  or  the  persistence  of  larval 
characteristics,  does  not  necessarily  imply  that  anticipation  of  sexual  maturity  which 
is  usually  connoted  with  the  use  of  the  term  psedogenesis,  which,  moreover,  is 
strictly  applied  to  agamic  reproductions." 
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species  can  be  differentiated.  The  soldiers,  like  the  workers,  are 
wingless  and  blind.  Individuals  of  both  castes  complete  their  devel- 
opment in  less  than  a  year. 

The  njrmphs  of  the  reproductive  form  develop  from  larvsB  that  will 
mature    the    sexual    organs.     The    term    ''nymph''    is    applicable, 


according  to  LespSs  and  Hagen,  to  individuals  ''with  the  wing- 
rudiments  easily  distinguishable  to  the  naked  eye.'^'*  Individuals 
the  wing-rudiments  of  which  are  present,  but  only  distinguishable 
when  under  magnification,  are  termed  larvae.     Nymphs  are  white 

o  Grassi,  B.,  and  Sandias,  A.     Op.  cit.,  p.  264. 
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and  soft-bodied,  and  when  fully  developed  and  ready  to  molt  for  the  * 
last  time  are  from  7  to  7.5  millimeters  in  length  inJUwipes  and  4.5 
to  5  millimeters  in  virginiciu.  In  Jlavipes  the  antenna  consists  of 
from  16  to  17  and  in  virginicus  from  14  to  15  segments.  The  man- 
dibles are  practically  the  same  as  in  the  worker,  and  are  probably 
very  necessary  in  effecting  an  exit  from  the  old  colony.  R.  D.  Grant 
states'  that  in  a  Missouri  Pacific  Railroad  Co.  engine  house  the 
rafters  were  injured  and  the  cement  of  the  brick  walls  built  14  years 
previously  was  perforated.  Mr.  C.  L.  Marlatt  has  specimens  of 
plaster  which  was  laid  on  metal  lathing  in  a  building  at  Charlotte, 
N.  C,  which  had  been  mined  in  order  to  allow  the  winged  adults  to 
escape  from  heavy  wooden  beams  which  had  been  honeycombed. 
Also,  in  the  establishment  of  the  new  colony  the  young  royal  couple 
have  the  excavating  to  do. 

There  are  two  forms  of  nymphs  (PI.  VIII,  figs.  3,  a,  h),  namely,  the 
primary  form,  with  elongate  wing  pads,  that  develops  into  the  winged 
sexed  adult,  and  the  "second  form''  (Lespfis),  with  short  wing  pads — 
mere  buds — which  represents  an  arrested  early  stage  of  the  nymph 
of  the  primary  form,  or  even  a  larva.  Nymphs  of  the  secondary 
form  are  slightly  more  elongate,  and  develop  the  sexual  orgaik 
without  progressing  further,  instead  of  completing  their  normal 
development  to  the  winged,  pigmented,  sexed  adults  that  swarm. 
These  nymphs,  after  becoming  sexually  mature  and  attaining  a  straw- 
colored  pigmentation — normally  after  the  nymphs  of  the  primary 
form  have  developed  to  sexed  adults — become  supplementary  royal 
individuals,  kings,  and  queens,  but  never  (?)  leave  the  parent  colony. 
They  do  not  possess  functional  eyes. 

The  sexed  individuals,  when  ready  to  swarm,  are  castaneous-black 
or  light  brown  in  color,  have  two  pairs  of  long,  filmy  wings,  and  are 
so  chitinized  that  they  can  bear  full  sunlight.  They  possess  both 
functional  compound  eyes  and  simple  eyes  or  ocelli.  The  body — ex- 
cluding the  wings,  which  are  slightly  longer  than  the  entire  insect 
and  project  some  distance  beyond  the  abdomen  when  "in  situ" — is 
slightly  less  in  length  than  in  the  case  of  the  nymphs.  The  entire 
body  of  the  sexed  individual  is  from  9  to  10  millimeters  in  length  in 
Jlavipes  and  from  7.5  to  8  mUlimeters  in  length  in  virginicus.  There 
are  from  16  to  18  segments  to  the  antenna  in  Jlavipes  and  from  15  to 
16  antennal  segments  in  virginicus.  The  sexes  are  as  easily  distin- 
guishable as  in  the  case  of  fully  developed  nymphs.  "(1)  The  sev- 
enth [abdominal  sternite]  (the  apparent  sixth)  is  strongly  developed 
and  semicircular,  with  the  rounded  edge  posterior  in  the  female  and 
very  short  in  the  male.  (2)  The  eighth  sternite,  which  is  reduced 
to  two  lateral  lobes  in  the  female,  is  small  and  entire  in  the  male. 


o  Giant,  R.  D.    Jour.  Proc.  Acad.  Sci.  St.  Louis,  v.  3,  p.  cclxix,  November  19, 1877. 
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Plate  VIII. 


FiQ.  l.—a,  Lateral  view  of  fully  developed 
nymph  of  primary  form;  6,  lateral  view  of 
neotelnlc  king—compound  eyes  without 
pigmentation. 


FiQ/2. — ^Dorsal  view  of  same:  a,  Showing  pubes- 
cence and  tapering  abdomen  of  neoteinic 
king;  b,  nymph  of  the  primary  form. 


Fig.  8.-0,  Fully  developed  nymph  of  the  first  form  with  elongate  wing  pads  before  final 
molt;  b,  nymph  of  the  second  form  with  short  wing  pads  before  final  molt;  c,  neoteinic 
king  after  final  nymphal  molt.    (Original. ) 

Stages  of  Leucotermes  flavipes. 
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(3)  The  ninth  stemite  nearly  resembles  the  eighth/'*  The  genital 
"appendices"  in  the  male  are  attached  to  "what  is  apparently  the 
eighth,  but  is  really  the  ninth  sternite,  the  first  being  fused  with  the 
noLetastemiun/'^  There  are  two  segmented  appendages,  or  cerci,  at- 
tached to  the  abdomen.  After  swarming,  the  sexed  adults  become 
royal  individuals. 

Larv«8,  or  yoimg,  are  undiflferentiated  individuals  which,  after 
further  development,  attaining  chitinization  and  pigmentation,  change 
to  differentiated  individuals.  The  larvse,  like  all  the  other  stages  of 
termites,  are  active.  When  young  or  freshly  molted  the  individuals 
are  more  transparent  and  white  and  the  segmentation  of  the  body  at 
this  stage  is  more  sharply  defined.  "The  younger  the  individual,  or 
the  more  recent  its  ecdysis,  the  thinner  is  the  chitin.''  *^  The  term 
larva  is  appHed  (1)  to  any  individual  which  has  not  yet  attained  full 
size,  mature  chitinization,  and  pigmentation;  (2)  in  the  case  of  the 
sexed  individuals,  to  those  with  the  wing-rudiments  not  easily  dis- 
tinguishable to  the  naked  eye;  and  (3)  in  case  of  the  soldier,  to  the 
lai^e-headed,  undifferentiated,  workerUke  forms. 

The  eggs  are  white,  slightly  reniform,  and  those  laid  by  true  queens 
(queens  that  have  swarmed)  are  approximately  1  millimeter  in  length 
in  jlavipes.  The  eggs  are  usually  found  in  clusters  or  scattered 
singly  in  the  galleries. 

THE    SENSE   OBGANS. 

Termites  are  essentially  subterranean  in  habit  and  in  consequence 
all  castes  of  Leucotermes  are  blind  except  the  colonizing  individuals. 
The  soldiers  have  compound  eyes,  but  without  pigmentation;  in 
some  neoteinic  royal  individuals  the  pigmentation  of  the  compoxmd 
eye  is  not  visible  to  the  naked  eye  (PI.  VIII,  fig.  2,  a),  but  in  most 
cases  there  is  a  slight  pigmentation  of  variable  intensity.  All  castes 
except  the  colonizing  individuals  shim  the  light. 

Although  blind,  termites  are  known  to  possess  other  sense  oi^ans.** 
The  antennae  are  important  tactUe  sense  organs,  and  often  individuals 
may  be  seen  feeling  their  way  by  means  of  these  appendages.  The 
antenn»  of  the  coloniziog  individuals  are  pitted,  and  from  these 
pits,  which  appear  as  white  depressions  on  the  pigmented  antennal 
segments,  prominent  hairs  arise.  A.  C.  Stokes,  in  an  article  entitled 
"The  sense  organs  on  the  legs  of  Termes  jlavipes  KoU.,"  ^  describes 

oGrassi,  B.,  and  Sandias,  A.     Op.  cit.,  p.  306. 

6Ibid.,p.  271. 

c  Ibid.,  p.  256. 

d  Miiller,  Fritz.  Beitrage  zur  kenntniss  der  Termiten.  Jenaische  Ztschr,  Bd.  9 
(n.  F.  Bd.  2),  p.  241-264,  pi.  10-13,  Mai  8,  1875.     See  p.  254,  pi.  12,  figs.  32,  34. 

«  Stokes,  Alfred  C.  The  sense-organs  on  the  legs  of  our  white  ants,  Termea  Jlavipes 
Koll.     Science,  v.  22,  no.  563,  p.  273-276,  illus.,  November  17,  1893. 
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and  figures  "sensory  hairs*';  "sensory  pits'';  "tibial  spurs  with 
prominent  basal  apertures,  across  which  extends  a  deUcate  membrane 
(auditory  organs?)'';  "pilose  depressions";  "surface  markings"; 
etc.  Grassi  *  mentions  tactile,  "very  long,  fine,  readily  vibratile 
hairs"  on  the  body,  and  states  that  the  cerci  also  appear  to  be  "es- 
sentially tactile."  It  is  beheved  that  there  is  a  relation  between  the 
convulsive  movements  frequently  observed,  that  is,  the  sudden 
jerking  of  the  whole  body,  and  these  sense  organs,  and  that  indi- 
viduals are  thus  enabled  to  communicate,  or  at  least  give  danger 
or  distress  signals.  The  convulsive  movements  made  by  the  workers 
and  soldiers,  when  the  royal  pair  are  disturbed  in  the  cell,  are  very 
violent  and  indicate  great  agitation. 

There  is  a  characteristic  musty  or  acrid  odor  which  can  be  easily 
detected  in  colonies  of  Leucotermes,  and  individuals  frequently 
can  be  seen  to  follow  directly  in  the  path  taken  by  others,  but  as 
termites  usually  travel  in  well-worn  channels  this  may  be  due  to 
tactile  sense  alone. 

THE   FUNCTIONS   OP  THE   CASTES. 

The  social  economy  of  termites  is  somewhat  similar  to  that  of  other 
social  insects,  although  in  many  respects  totally  different.  Undif- 
ferentiated young  hatch  from  the  eggs,  are  active,  and  in  turn  trans- 
form to  the  differentiated  individuals  of  the  castes  after  a  series  of 
quiescent  stages  and  molts. 

As  the  name  impUes,  the  workers  are  those  individuals  that  make 
the  excavations,  extend  the  colony,  and  care  for  and  protect  the 
royal  couples  and  yo\mg. 

The  soldiers,  more  highlyspecialized  workers,  are  of  less  importance 
functionally  than  the  workers — ^just  as  the  anther  transformed  to  the 
petal  in  the  common  pond  lily,  Cdstalia  sp.,  is  less  important  fimction- 
ally  than  the  other  anthers — yet  both  serve  a  purpose.  Just  before  the 
time  of  swarming,  the  members  of  colonies  become  restless,  and  as 
the  sexed  adults  emerge  numerous  workers  and  soldiers  congregate  on 
the  outskirts  of  the  colony  near  the  exit  holes  with  heads  toward  the 
exterior.  The  duty  of  the  soldiers  is  apparently  entirely  protective, 
but  they  do  not  appear  to  be  very  effective,  at  least  when  the  colony 
is  opened  and  they  are  exposed  to  the  attack  of  ants,  etc. 

The  pigmented,  winged,  sexed  adtdts,  developed  from  nymphs 
of  the  first  form,  are  the  colonizing  individuals  which  swarm  in 
enormous  nimibers  in  the  spring  and  foxmd  the  new  colonies,  and 
when  finally  established  at  the  head  of  a  new  colony,  which  they 
have  reared,  they  become  the  royal  couple.  UnUke  other  social 
insects,  the  male  continues  to  live,  even  after  the  fertilization  of  the 
female,  and  the  king  and  queen  inhabit  the  royal  cell  together,  there 

a  Grassi,  B.,  and  Sandias,  A.     Op.  cit.,  p.  267-269. 
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being  repeated  coition.  Termites  are  sometimes  polygamous,  at 
least  in  incipient  colonies.  The  yomig  queens  care  for  the  young  and 
carry  the  newly  hatched  larveB  in  their  mouths  to  safer  places  in  the 
nest  when  the  colonies  are  disturbed.  (Nymphs  of  the  first  form  also 
have  been  seen  performing  this  duty  in  old  colonies.)  The  workers 
attend  the  larvse  in  old  colonies. 

In  the  life  cycle  of  termites,  however,  there  is  so  much  variation  in 
the  development  of  the  castes  that  it  leads  to  a  rather  complex  life 
history.  Young  are  kept  in  a  retarded,  undifferentiated  state  and  can 
speedily  be  turned  into  substitute  reproductive  forms  of  both  sexes. 
These  neoteinic  royal  individuals  are  used  (1)  as  substitutes  for  the 
true  royalty  that  have  swarmed  and  (2)  in  splitting  up  the  old  colony 
into  new  and  independent  colonies.  Pidly  developed  nymphs  of  the 
second  form  are  to  be  foimd  in  colonies  in  the  spring.  They  never 
complete  their  normal  development,  which  consists  of  the  acquisition 
of  wings  and  the  mature  pigmantation,  but  assimae  the  characteristic 
pale  straw  color  after  the  final  molt.  The  sexual  organs  are  developed 
after  the  acquisition  of  pigmentation.  They  become  neoteinic  repro- 
ductive forms,  but  always  ( ?)  remain  in  the  parent  colony. 

Each  caste  has  a  distinct  function,  there  being  a  well-defined 
division  of  labor,  which,  however,  is  not  strictly  adhered  to.  Ter^ 
mites  properly  represent  the  phenomenon  of  polymorphism,  i.  e., 
*'  species  in  which  one  or  both  of  the  sexes  appear  imder  two  or  more 
distinct  forms,*"  both  sexes  being  equally  polymorphic. 

THE   LIFE   CYCLE. 

THE   METAMORPHOSIS — CASTE   DIFFERENTIATION. 

The  metamorphosis  of  termites,  while  formerly  considered  to  be  a 
contrastingly  simple  type  of  insect  development,  is  in  reality  very 
complex;  indeed,  there  may  be  said  to  be  different  types  of  develop- 
ment for  the  castes.  In  the  development  of  the  worker,  as  in  the 
order  Thysanura,  there  is  no  external  change  or  metamorphosis,  the 
freshly  hatched  worker  larva  being  active  and  of  the  same  form  as 
the  adult  worker.  In  the  development  of  the  soldier,  however, 
marked  changes  in  form  occur,  the  mature  soldier,  with  pigmented 
head  and  saberlike  mandibles,  being  developed  from  a  large-headed, 
white,  workerlike  larva  (PI.  IX).  The  winged,  pigmented,  sexed 
adult  is  developed  from  a  small-headed,  white  larva,  there  being  a 
still  more  radical  change.  However,  what  may  popularly  be  termed 
the  '^ antlike''  form  can  be  distinguished  in  all  stages  in  the  devel- 
opment of  all  the  castes,  hence  termites  can  hardly  be  classed  with 
insects  with  *'  complete  metamorphosis '  as  the  true  ants,  where  there 

a  Wheeler,  W.  M.  Concerning  the  polymorphism  of  ants.  Bui.  Amer.  Mus.  Nat. 
Hist.,  V.  23,  p.  50-93,  6  pis.,  January,  1907.    See  p.  50. 
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are  the  three  successive  stages  of  larva,  pupa,  and  adult,  although 
termites  pass  through  pupalike  '^  quiescent  stages  in  the  molting  of 
larvae  and  nymphs,  with  temporary  periods  of  inactivity.  Further- 
more, great  variation  is  possible  in  tJie  metamorphosis,  as  is  seen  in  the 
development  of  '*  neoteinic''  or  ''supplementary"  reproductive  forms, 
as  the  '^neotenes'^  and  "ergatoids.**  Therefore,  in  general,  termites 
may  be  classed  with  insects  having  "incomplete  metamorphosis," 
as  the  locusts  and  roaches.  In  this  type  of  development  the  form  of 
the  body  is  always  essentially  the  same  as  that  of  the  adults.  The 
development  of  the  larva  and  nymph  to  the  winged  sexed  adult  ter- 
mite greatly  resembles  the  development  of  the  locusts  and  roaches. 
In  the  genus  Leucotermes  there  is  no  apparent  metamorphosis  in 
the  case  of  individuals  of  the  worker  caste.  The  freshly  hatched 
worker  larva  is  active,  there  being  a  very  simple  development.    The 


Fio.  10.— Leucotermes  flavipes:    Quiescent  stage  of  molting  larvie.    Enlarged  10  times. 

(Original.) 

change  from  larva  to  adult  is  a  gradual  growth,  the  white,  laigo- 
hoadod  larva  passing  through  a  series  of  quiescent  stages  and  molts. 
The  adult  worker  is  of  a  dirty  grayish-white  color.  In  the  soldier 
caste  and  the  reproductive  forms  the  metamorphosis  is  more  com- 
plicated, and  marked  changes  in  form  occur  during  the  development. 
Yoimg  molting  larvae  in  the  "quiescent  stage"*  were  first  oWrved 
by  the  writer  on  August  11,  1911,  near  Jerseyville,  111.,  in  a  lai^e, 
wide,  longitudinal  channel  in  the  decaying  heartwood  of  the  butt  of 
a  white  cedar  telegraph  pole.*  Previous  to  the  molt  the  larva  falls 
over  on  its  side  and  passes  timpugh  a  quiescent  stage,  the  head  being 
bent  down  to  lie  on  the  ventral  side  of  the  body  along  which  the 
antenneB  and  legs,  also,  lie  extended  in  a  backward  direction.  This 
gives  the  larva  the  appearance  of  being  doubled  up  (fig.  10).  After 
the  skin  has  been  shed  the  larva  resimies  its  normal  activity. 

a  Strickland,  E.  H.     Loc.  cit. 

b  Snyder,  T.  E.     Changes  during  quiescent  stages  in  the  metamorphosis  of  ter- 
mites.    Science,  n.  s.,  vol.  38,  No.  979,  pp.  487-488,  October  3,  1913. 
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Plate  IX. 
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LEUC0TERME8  VIRQINICUS  AND  L.  FLAVIPES. 

Molting  soldier  nymphs:  a.  L.  virginicuB,  head  showing  mandibles  and  labrum  of  soldier  nymph 
just  molted  from  workerllko  larval  form;  6,  L.  flavipcs,  same  at  later  molt;  c,  L.  fiavipe^,  same 
atlatermolt;  d,  X./ZaWpe^,  mature  soldier;  d',  ventral  view  showing  con  vex,  slender,  chitinlzed, 
pigmented  **menton.'^    Photograpli  from  specimens  In  balsam  slides.    Enlarged  16  times. 
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The  antennae  increase  in  the  number  of  segments  by  the  subequal 
division  of  the  third  segment  **  independent  of  the  molts  in  L,  lud- 
fugus  Rossi. 

In  the  metamorphosis  of  the  soldier,  as  has  been  shown  by  Grassi  * 
(Calotermes  jlavicoUis  Fabricius  and  Leucotermes  ludfugus  Rossi), 
Knower*  (Eutermes  sp.),  and  Heath ^  (Termopsis  angustHcoUis  Wal- 
ker), there  is  a  radical  change  from  a  large -headed  larva  to  the 
soldier  caste.  This  change  takes  place  during^  a  quiescent  stage. 
The  worker,  like  the  soldier,  also  develops  from  a  large-headed  larva; 
that  is,  in  the  colony  there  are  two  types  of  larvae,  the  large-headed 
and  small-headed,  the  former  normally  developing  to  workers  and 
soldiers,  while  the  latter  become  the  reproductive  forms.  According 
to  Grassi  there  are  four  molts  in  the  development  of  the  asexual  forms 
of  Leucotermes  ludfugus y  whereas  the  sexed  forms  pass  through  five 
molts.  Holmgren  states**  that  in  Leucotermes  the  soldiers  are 
polymorphic  and  originate*  from  at  least  five  different  larval  stages, 
while  the  polymorphic  workers  originate  from  three  different  larval 
forms.  The  undifferentiated  larvae  present  possibilities  of  develop- 
ment in  all  directions,  but  the  development  of  Leucotermes  shows 
that  the  breeding  possibilities,  while  great,  are  by  no  means  so  great  as 
in  Calotermes.  This  would  indicate  progressive  development  toward 
stability,  as  is  also  indicated  by  the  absence  or  rarity  of  neotenes  and 
ergatoids  in  the  more  highly  developed  termites  (Termes  and  Euter- 

«  Grassi,  B.,  and  Sandias,  A.    Op.  cit.,  p.  270. 

6  Op.  cit. 

c  Snyder,  T.  E.     Loc.  cit. 

d  Holmgren,  N.  Termitenstudien  3.  Systematik  der  Termiten — Die  Familie 
Metatermitidse.  K.  Sveneka  Vetenak.  Akad.  Handl.,  Bd.  48,  No.  4,  pp.  166,  4  pis., 
Uppsala  and  Stockholm,  1912.  Blick  auf  dem  mutmasslichen,  stanrniesgeschicht- 
licben  Entwicklungsverlauf  der  Termiten,  p.  129-153. 

«  The  recent  discovery  by  McClung,  Stevens,  and  Wilson  (Wilson,  E.  B.,  Heredity 
and  miscroscopical  research:  Science  n.  s.,  v.  37,  No.  961,  p.  814-826,  May  30, 1913) 
of  the  association  of  an  odd  number  of  chromosomes,  in  the  di\dsions  of  the  spermato- 
cytes—that  is,  cells  formed  by  the  division  of  the  "spermospore,"  the  male  germinal 
cell  —with  the  determination  of  sex  may  also  be  applicable  to  caste  differentiation  in 
termites.  Wheeler  (Wheeler,  W.  M.,  The  polymorphism  of  ants,  with  an  accoimt 
of  some  singular  abnormalities  due  to  parasitism:  Bui.  Amer.  Mus.  Nat.  Hist.,  v.  23, 
p.  1-93,  pis.  6,  Jan.,  1907),  however,  states,  with  reference  to  ants,  that  noiuish- 
ment,  temperature,  and  other  environmental  factors  merely  furnish  the  conditions 
for  the  attainment  of  characters  predetermined  by  heredity,  that  is,  with  Weismann 
he  believes  that  the  characters  that  enable  us  to  differentiate  the  castes  must  be  repre- 
sented in  the  egg,  but  with  Emery  he  believes  the  adult  characters  to  be  represented 
in  the  germ  as  dynamic  potencies  or  tensions  rather  than  morphological  or  chemical 
determinants.  Holmgren  states  (op.  cit.,  p.  140)  that  in  termites,  as  the  result  of 
the  method  of  feeding,  three  potential  germ  plasms  are  released  in  at  least  three  direc- 
tions ♦  *  *  and  that  there  must  be  a  germ  plasm  correlation  which  finds  its 
expression  in  the  caste  correlation. 


Digitized  by 


Google 


36 


INSECTS  INJURIOUS   TO   FORESTS. 


mes),  wherein,  however,  there  may  be  several  true  queens^  in  the 
one  colony  and  where  polygamy  exists.  In  insects  supposed  to 
represent  the  most  primitive,  or  lowest  and  least  developed,  types 
this  is  a  rather  complex  metamorphosis.  Here  also  there  is  mach 
variation  in  the  life  cycle  and  no  strict  rule  is  followed.  (See  chart.) 
Apparently  the  individual  development  is  entirely  subservient  t-o  the 
needs  of  the  colony.  This  ability  of  adaptation  of  individual  to 
circumstance  leads  to  a  complex  economy. 

A  rfpre$€rUaHon '  o/»ome  of  the  mccessive  stages  in  the  development  of  the  various  foms 
or  castes  in  the  life  cvde  o/ljeucotennesjlttvipes  Kollar  as  found  in  colonies  in  the  eastern 
United  States.  All  these  reproductive  forms  are  not  present  in  the  same  rolony  at  the 
same  time, 

E«!S. 


(A) 


(1)  Yotmc,  andifferentiated  Ivt». 


(B)  (2)  I.arge-h«aded  larvie  that    O)  I^anm  that  will  maUiresaxual    (4)  Reserves  for  em»geocy  npco- 
wUl  not  mature  sexual  or-       organs.  ductive  forms, 

gans.  I 


(C)  (5)  Larvae  of    (6)  Larvie  of    (9)  Nymphs    of  (10)  Nymphs    (11)  Reserves   for  emrtge&ey    ra- 
soldiers.           workers.                the  first  form       of  second  Ibrm       productive  forma. 
'               w  i  t  h  1  o  n  g       (Lespte)  with  | 

wingpads.  short  wing 

I  pads. 


I 


(D)  (7)  Soldiers.       (8)  Workers. 


(12)  W  Inged, 
pigmented, 
sexed  adults. 


(13)  The  true    (14)Nymphal    (15)Nymphal  (16)    L^r^al 

royal  pair,       neotelnic sub-       emergency  emergency 

with  wing       stltute  repro-       substitute  sabsiltnte 

stubs.                    ductive  forms.       reproductive  repiodiKtrve 

forms.  forms. 


1  See  correlatM  forms  of  Leueotermes  lucifugM  RossL  Orassl,  B.,  Ein  welterer  Beitrag  xor  Kenntxiis  des 
Termitenreiches.  Zool.  Am,  Bd.  12,  No.  311,  pp.  355-361.  July  8,  1889.  iJbersicht derttn  Termiteiistaate 
vorkommenden  Formen-  Termen  luafxtgus,  p.  360);  id., Em  weiteror  Beitrag  sur  kenntniss  der  Terxniten- 
reichcs.  Ent.  Nachr.,  Jahrg.  15,  No.  14,  pp.  213-219,  July,  1889;  Holmgren,N  ..  Termitenstudien  3.  Srste- 
matik  der  Termiten- Die  Familie  Metatermitidac  K.  Svenaks  Vetensk.  Akad.  HandL,  Bd.  48,  Ko  4 
p.  148,  Scheme  B ,  Uppsala  &  Stockholm,  1912  (table  showing  parallel  evolutfon  and  at  what  molts  cbanges 
or  devetopment  occur). 

PROGRESSIVE    DEVELOPMENT   OF  THE    NYMPHS. 

Colonies  of  Leueotermes  spp.  in  the  northeastern  United  States  are 
dormant  during  the  winter,  the  insects  retiring  to  the  more  remot<3 

« John,  O.  Notes  on  some  termites  from  Ceylon.  Spolia  Zeylanica,  v.  9,  pt.  34. 
p.  102-116,  1913. 

RUey,  C.  V.  Termite  economy.  Proc.  Biol.  Soc.,  Wash.,  v.  9,  p.  71-74,  ApriL 
1894. 

Escherich,  K.     Termitenleben  auf  Ceylon,  Jena,  1911,  p.  45^6. 
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galleries  in  the  wood  or  to  the  subterranean  passages  of  the  nests, 
At  Falls  Church,  Va.,  in  1912  it  was  not  until  March  11,  in  1913. 
February  20,  and  in  1914,  March  23  that  signs  of  activity  were 
observed  in  colonies  of  jlavipes.  Njmaphs  of  the  first  form  with 
"short  wings '*  (Fritz  Muller)  or  ''wing  pads''  (Hagen)  were  present 
on  March  11,  1912.  At  this  time  the  wing  pads  were  well  developed, 
being  about  two  and  one-half  times  the  length  of  the  segnient  from 
which  they  originated,  and  had  a  yellowish  tinge.  The  antenn» 
consisted  of  from  16  to  17  segments,  excluding  the  base,  and  the  line 
of  demarcation  between  the  basal  segments  was  less  distinct.  On 
March  29,  1912,  the  ocelli  were  visible  in  the  nymphs;  antenncB, 
head,  and  thorax  were  acquiring  a  tinge  of  yellowish-brown,  and  the 
compoimd  eyes  were  becoming  pigmented — a  reddish-brown.  On 
April  18,  1912,  and  April  8,  1913,  at  Falls  Church,  Va.,  nymphs  of 
the  first  form  when  fully  developed  and  ready  for  the  final  molt 
could  be  readily  distinguished  by  the  opaqueness  of  the  elongated 
wing  pads,  the  filmy,  yellowish-brown,  loosening  skin,  which  be- 
comes separated  from  the  body,  particularly  posteriorly,  and  the 
reddish-brown  pigmentation  to  the  compound  eyes.  (PI.  VIII, 
fig.  1,  a.)  The  nymphs  gradually  increase  in  size  and  pass  through  a 
series  of  molts  and  quiescent  stages  until  the  final  molt,  when  the 
wings  are  unfolded.  Packard,  who  figures  ^  the  stages  in  the  growth 
of  the  wing  in  flavipes,  states  that  the  wings  are  simply  expansions. 
During  the  latter  part  of  April,  1912,  nymphs  with  short  wing  pads, 
or  those  of  the  second  form  (Lespte)  (PI.  VIII,  fig.  3,  6),  were  found  in 
colonies.  Their  antennae  had  from  16  to  17  segments.  These  nymphs 
appear  to  be  more  active  than  nymphs  of  the  first  form  and  have 
but  slight  pigmentation  of  the  compoimd  eye. 

During  the  final  molt — which  occurred  from  April  18  to  27,  1912, 
April  8  to  17, 1913,  and  April  22  to  May  2,  1914,  at  Falls  Church,  Va., 
in  caSe  of  the  nymphs  of  the  first  form  (Jlavipes) — nymphs  of  both  the 
first  and  second  forms  pass  through  a  ''quiescent  stage '*  ^  (Pis.  X  and 
XI),  which  closely  approaches  the  pupal  stage  of  insects  with  com- 
plete metamorphosis.  This  quiescent  stage  apparently  serves  the 
same  purpose  as  the  pupal  stage,  since  the  most  marked  changes, 
both  external  and  internal,  take  place  dming  this  molt;  it  is,  however, 
of  short  duration.  On  April  18,  1912,  the  first  nymphs  (jlavipes)  in 
this  stage  were  observed  in  the  outer  layers  *^  of  a  decaying  stump.  All 
of  the  nymphs  in  this  colony  were  fully  developed,  but  very  few  had 

a  Packard,  A.  S.    A  textbook  of  entomology.    New  York,  1903,  p.  140. 

h  Strickland,  E.  H.    Loc.  cit. 

c  LarvfiB  or  nymphs  in  the  quiescent  state  are  usually  to  be  found  isolated  in  small 
but  deep,  transverse  conical  nitches  or  shelves  in  the  nest  where  they  are  not  liable  to 
disturbance  by  the  movements  of  the  other  members  of  the  colony.  Possibly  they 
seek  out  such  secluded  places,  usually  near  the  outlying  galleries,  beforehand,  or  may 
be  carried  there  while  helpless,  by  the  workers.  Clusters  of  eggs  are  also  found  in 
aunilar  nitchee. 
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yet  begun  to  molt.  A  large  number  were  placed  in  a  covered  tin  box 
3^  by  5  by  H  inches,  with  disintegrated  wood  and  moist  earth  in  the 
bottom.  This  was  to  be  a  check  box,  and  the  conditions  here  were 
more  natural  than  in  the  small  corked  vials,  in  which  over  100  other 
nymphs  had  been  kept  in  the  dark,  one  nymph  to  each  vial.  The 
devdopment  of  each  nymph  was  watched  and  the  time  necessary  for 
the  various  changes  from  nymph  to  adult  was  noted.  On  June  8 
fully  developed  nymphs  of  viryinicuSf  with  opaque  wing  pads,  were 
observed  to  molt  in  a  similar  manner.  Nymphs  in  all  stages  described 
torjlavipes  were  observed  molting  until  June  11. 

As  E.  H.  Strickland  has  already  figured  and  described  these 
changes  in  the  nymphs  of  the  first  form  (Jlavipes),  his  accurate 
description  is  here  quoted  in  detail,  with  a  few  comments.  Until 
this  description  appeared,  the  quiescent  stage  in  the  development 
from  nymph  to  adult  for  this  species  was  undescribed.  His  obser- 
vations were  made  from  njrmphs  collected  in  the  neighborhood  of 
Boston,  Mass.,  May  7,  1910. 

The  mature  nymph  becomes  very  sluggi^  and  finaUy  all  movement  ceaaes;  it 
then  falls  over  on  its  side  and  the  head  is  bent  down  tiU  it  lies  on  the  ventnd  side 
of  the  body,  along  which  also  the  antennce  and  legs  are  extended  in  a  backward 
direction,  «  «  «  while  the  wing  pads  are  bent  downward  till  they  Ue  laterally 
along  the  sides  of  the  body.  ♦  ♦  ♦  It  will  be  at  once  noticed  that  whiie  in  tnis 
position  the  nymph  is  to  all  appearances  a  quiescent  ''pupa  libera."  There  does 
not  appear  to  be  an  ecdysis  immediately  prior  to  this  quiescent  period,  however, 
So  I  would  hesitate  to  describe  it  as  a  true  pupal  state  though  it  undoubtedly  has 
the  same  physiological  function. 

This  quiescent  stage  lasted  in  the  few  specimens  observed  for  a  period  varying 
from  four  to  about  nine  hours.  <>  The  duration  in  time  seems  to  be  contioUed  to  a 
large  extent  by  the  amount  of  moistiu^  in  the  earth  smrroimding  the  pupa  for  when 
specimens  were  placed  in  perfectly  dry  earth  they  were  unable  to  pass  beyond  this 
stage  of  development,  &  while  the  greater  the  amoimt  of  moisture,  the  shorter  the 
period.  During  this  stage  the  last  nymphal  skin  splits  across  the  head  and  along 
the  dorsum,  and  is  slowly  worked  downward  and  backward  till  a  large  portion  of  it 
hangs  freely  from  the  apex  of  the  abdomen  on  the  ventaul  side.  The  l^s  are  the 
last  part  c  of  the  body  to  be  freed  from  this  skin,  which  then  becomes  detached  as 
a  much  crumpled  mass.  As  soon  as  the  wings  are  liberated  they  begin  to  move 
away  from  the  body  at  their  base.  This  is  apparently  due  to  the  tracheae  in  the 
basal  portion  of  the  wing  becoming  inflated.  The  inflation,  however,  doee  not 
extend  beyond  the  sutiu^  along  which  the  wing  is  subsequently  broken  off,  and 
the  distal  portion  remains  tightly  folded.    *    ♦    « 

The  ecdysis  described  above  is  the  last  in  the  development  of  the  imago,  for  the 
insect  now  disolosed  is  the  sexually  complete  <*  adult;  it  does  not,  however,  become 

o  Varying  from  about  3 J  to  12  hours  at  Falls  Church,  Va. — ^T.  E.  S. 

6  A  considerable  amount  of  moisture  apparently  is  essential  to  normal  develop- 
ment. Specimens  placed  in  small,  individual,  corked  vials  molted  nornmlly,  whUe 
others  placed  in  vials  the  mouths  of  which  were  lightly  plugged  with  cotton  developed 
abnormally,  with  distortions,  or  not  at  all.— T.  E.  S. 

c  Sometimes  the  antennae  are  the  last  part  to  be  freed  of  the  cast  skin  in  case  of 
nymphs  of  both  the  first  and  second  forms.— T.  E.  S. 

<*  At  this  stage  the  sexual  organs  are  not  yet  fully  functionally  matured.— T.  E.  S. 
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Leucotermes  flavipes. 

a  and  6,  Lateral  views  of  the  quiescent  stage  of  nymphs  of  first  form;  c,  dorsal  view  of  active 
molted  nymph  showing  how  wings  are  held  away  from  the  body.  Photographs  from  ether- 
ized specimens.  a\  Lateral  view  of  quiescent  stage  of  UN'mphs  of  the  first  form  (skin  cast); 
{)/,  dorsal  view  of  same;  c',  active  molted  nymph  of  first  form  with  wings  unfolding.  From 
alcoholic  specimens.    (Original.) 
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active  as  soon  as  it  emerges  but  remains  for  about  a  quarter  of  an  hour  in  the  same 
position  as  that  in  which  the  ecdysis  occurred.  During  this  time,  however,  the 
head  is  slowly  drawn  upward  to  its  normal  position  and  the  insect  finally  struggles 
to  its  feet.  Its  movements  are  at  first  very  awkward  and  uncertain  but  after  a  few 
minutes  it  is  actively  nmning  about.  As  before  mentioned,  the  greater  portion  of 
the  wings  remains  closely  folded  together  so  that  at  first  sight  they  appear  as  abnor- 
mally placed  wing-pads.  A  close  examination  with  a  hand  lens  shows  them  to  con- 
sist of  the  very  compactly  folded  wing.     ♦    *    * 

After  these  young  adults  have  been  running  about  for  an  hour  or  so  the  main  portion 
of  the  wing  begins  to  expand;  the  basal  portion  becomes  expanded  before  the  apical 
part  begins  to  unfold,  but  the  infla- 
tion gradually  works  toward  the  apex 
till  the  t)rpical  fully  winged  though 
pigmentless  adult  is  produced.  The 
wings  continue  to  be  held  away  from 
the  body  till  this  process  is  complete, 
after  which  they  are  folded  from  the 
base  in  an  overlapping  position  over 
the  abdomen.  The  ensuing  pigmen- 
tation of  the  body  is  gradual «  and 
does  not  appear  to  be  affected  by  the 
presence  or  absence  of  light;  the  en- 
tire body  turns  black  through  shades 
of  yellow  and  brown  till  in  about 
twenty-four  hours  the  sexually  com- 
plete imago  is  ready  for  swarming. 

It  will  be  seen  t^at  the  whole  pe- 
riod intervening  between  the  normal 
nymphal  stage  and  the  typical  pig- 
mentless adult  staged  occupies  only 
some  nine  to  ten  hours,  and  this  ap- 
parently accounts  for  its  not  having 
been  recorded  before,  even  though  it 
appears  to  be  perfectly  normal, c  for 
it  has  occurred  in  different  localities 
in  two  successive  years  and  all  nymphs 
taken  passed  through  these  stages  be- 
fore completing  their  development. 

An  illustration  of  the  thorax  of  Leu- 
cotermes  flavipes  with  unexpanded 
wings  was  given  by  Packard  in  his 
Text-book  of  Entomology,  but  he 
here  described  it  as  a  late  nymphal 


Fio.  11.—  Termopsis  anfftuticollis:    Quiesoeat  stage  of 
nymph  of  the  first  form.  Enlarged  7  times.  (Original.) 


wing  pad,  otherwise  there  seem  to  be  no  references  to  either  of  the  stages  herein  fig- 
ured and  described. 


o  The  borders  of  the  chitinized  parts  first  take  on  pigmentation,  passing  through 
shades  of  gray  to  castaneous  to  the  castaneous-black  of  the  mature  adult,  the  abdomen 
being  the  last  to  take  on  pigmentation;  there  are  often  abnormalities  in  development  — 
T.  E.  S. 

6  The  whole  period  intervening  between  the  fully  developed  nymph  and  the 
mature  pigmented  adult  is  about  one  day  and  one-half  to  two  days  for  individuals,  and 
about  1  week  to  10  days  for  the  colonies. — ^T.  E.  S. 

c  These  stages  are  absolutely  normal  and  necessary  to  the  progressive  development 
of  n)rmphs  of  species  of  both  the  genera  Leucotermes  {L,  flavijm  and  virginicus)  and 
Teamopflis  ((mgusticollis)  (fig.  11).— T.  E.  S. 
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During  this  final  molt  the  females  of  nymphs  of  both  the  first  and 
second  forms  normaUy  lose  the  genital  appendices;"  that  is,  the 
genital  appendices  are  present  in  nymphs  of  both  sexes  before  this 
molt,  but  afterwards  only  in  mature  winged  males  and  supplementary 
kings,  developed  from  nymphs  of  the  second  form;  these  appendices 
can  be  readily  seen  on  the  cast  skins.  In  egg  laying  complementary 
queens  of  Termopsis  angusiicoUis  (with  no  indication  of  wang  pads), 
genital  appendices  were  present,  though  absent  in  true  queens. 

On  April  25,  1912,  at  Falls  Church,  Va.,  molting  nymphs  (Jlavipes) 
of  the  second  form  were  found.  The  progressive  development  of 
over  100  nymphs  was  noted,  and  apparently  the  molting  is  similar  to 
that  of  nymphs  of  the  first  form.  Before  the  quiescent  stage  is 
reached,  the  nymphs  assume  a  straw-colored  hue.  Various  stages  of 
molting  nymphs  were  observed  through  April  28.  After  the  molt, 
the  head  and  prothoracic  segments  darken,  especially  on  the  borders. 
The  abdominal  segments  also  darken.  Sometimes  there  are  grayish- 
black,  longitudinal,  pigmented  markings  on  the  head.  Some  of  the 
nymphs  have  very  short  wing  pads,  mere  buds,  while  in  others  the  wing 
pads  are  more  elongate,  the  pair  on  the  metathorax  reaching  down  to 
and  slightly  overlapping  the  (apparent)  second  abdominal  tergite. 
This  difference  can  be  seen  in  supplementary  or  neoteinic  reproductive 
forms  and  illustrates  the  fact  that  the  growth  of  nymphs  of  the  first 
form  is  arrested  in  various  stages  of  development,  as  does  (?)  the 
presence  of  genital  appendices  in  complementary  queens  of  Termopsis. 

Sometimes,  due  to  unfavorable  moisture  conditions,  there  is  an 
abnormal  development  of  nymphs  of  the  first  form.  Individuals 
may  be  observed  with  partial  pigmentation  to  the  chitinized  parts, 
acquired  before  the  quiescent  stage  or  before  the  wrings  are  unfolded; 
that  is,  the  wings  may  bo  in  various  stages  of  development,  from  the 
opaque-colored,  elongate  wmg  pads  to  partially  unfolded,  or  unfolded 
but  stUl  crumpled,  wings.  There  is  great  individual  variation  in 
the  manner  of  molting.  Adults  with  mature  body  pigmentation  but 
with  distorted,  poorly  developed  wings,  or  even  with  opaque  wing 
pads,  have  been  observed  emerging  from  the  parent  colony  at  swarm- 
ing tune.  A  swarm*  of  Jlavipes  occurred  at  Falls  Church,  Va.,  on 
May  8,  1912,  and  another  on  April  25,  1913,  while  in  the  case  of 
virginicus  the  swarm  occurred  on  June  1,  1913. 

This  quiescent  stage,  or  ^'Ruhestadium,"  has  been  described  by 
Hagen.^  He  states  (in  regard  to  the  final  molt  of  nymphs  of  the 
first  form)  that  the  skin  bursts  on  the  prothorax;  and  in  order  to 

a  Grassi  and  Sandias.     Op.  cit.,  p.  306. 

2>  It  is  from  7  to  10  days  after  the  last  sexed  adults  in  colonies  have  acquired  wings 
and  mature  pigmentation  that  the  swarm  occurs. 

cHagen,  II.  A,  Monographic  der  Termiten.  Liimaea  Entomologica,  v,  12, 
p,  337-338,  1858. 
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get  out  of  the  old  skin,  the  insect  doubles  up.  The  insect  lies  on 
the  ground  during  the  molt.  Grassi,  while  he  did  not  describe  this 
stage,  knew  that  during  certain  ecdyses  in  the  development  of  nymphs 
and  soldiers  important  changes  took  place.  Odenbach,  January  13 
to  24,  1896,  observed  in  an  artificial  nest  indoors  (manuscript  notes) 
molting  larv8B  bijlavipes  in  the  quiescent  stage,  as  if  dead.  He  states 
that  the  molting  process  lasts  three  and  one-half  hours,  that  workers 
assisted,  and  that  the  skin  is  eaten.  His  observations  are  prac- 
tically the  same  as  those  of  Strickland.  Holmgren  describes  this 
stage  in  the  larva  of  Rhinotermes  taurus  Desneux,  Escherich**  figures 
lajrvae  of  Termes  obscuripes  Wasmann,  and  Bugnion*  figures  a  soldier 
of  Termes  Jiomi  Wasmann  in  this  quiescent  stage.  Holmgren  was 
the  first  to  state  that  a  quiescent  stage  occurs  in  connection  with 
each  molt,  and  to  note  the  internal  as  well  as  external  changes  that 
occur  during  these  molts. 

The  writer  has  observed  quiescent  stages  of  undifferentiated  (?) 
larvffi,  larvsB  of  nymphs  of  the  first  form,  nymphs  of  the  first  and 
second  forms,  and  larvae  of  workers  and  soldiers  of  Leucotermes 
jlavipes  and  i.  virginicus  and  soldiers  and  nymphs  of  the  first  form 
of  Termopsis  angusticoUis.^  Differentiated  nymphs  of  the  first 
form  of  L.  virginicus  only  2.5  mm.  in  length  have  been  observed. 
Bugnion  states**  that  since  he  has  found  nasuti  larvae  of  EiUermes 
lacustris  Bugnion  1.3  mm.  in  length  he  beUeves  that  the  differentia- 
tion is  effected  in  the  embryo  for  the  three  castes.  The  young 
nasutus  with  the  distinct  ''come  frontale''  is  figured.  This  is  not 
at  all  in  accordance  with  Knower's  statements  and  drawings  of  the 
development  of  the  nasutus  of  Eutermes  (rippertii?)  which  developed 
from  a  worker-Hke  larva,  and  with  Grassi's  description  in  Calotermes 
flavicoUis  Fabricius  and  Leucotermes  ludfugus  and  the  writer's  de- 
scription in  L.  virginicus  of  the  development  of  soldiers  from  worker- 
like larvae.  Bugnion  further  states*  that  in  the  higher  termites 
the  differentiation  of  caste  reaches  perfect  expression. 

Observations  by  the  writer  of  molting  soldier  larvae  of  Leiux>t€rmes 
spp.  show  that  the  differentiation  takes  place  during  a  ''quiescent 
stage  "  rather  late  in  the  life  cycle. 

From  the  first  to  the  middle  of  August,  1913,  freshly  molted  pig- 
mentless  soldier  nymphs  of  Jlavipes  in  the  stage  preceding  matmity 
were  noticeable  in  colonies  in  Virginia.     From  the  middle  of  Jime 

o  Escherich,  K.    Op.  cit.,  p.  43. 

6  Bugnion,  E.  Le  Termes  Horni  Wasm.  de  Ceylan.  Rev.  Suis8e  Zool.,  t.  21, 
no.  10,  p.  299-330,  pi.  11-13,  juin,  1913.    See  p.  .305-309. 

e  Snyder,  T.  E.    Loc.  cit. 

d  Bugnion,  E.  Les  tennites  de  Ceylan.  Le  Globe:  Memoires  Soc.  Geog.  Geneva, 
t.  52,  p.  24-58,  1913. 

«  Bugnion,  E.  La  diflerenciation  des  castes  chez  les  Termites  [Nevr.].  Bui.  Soc. 
Ent.  de  France,  1913,  no.  8,  p.  213-218,  April  23,  1913.    See  p.  217. 
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In  incipient  colonies  nymphs  are  not  produced  during  the  first  year 
that  the  colony  is  established,  but  are  developed  every  year  in  old, 
well-estabUshed  colonies.  Nor  are  nymphs  of  the  first  form  produced 
the  first  year  in  '^orphaned"  colonies.  Nymphs  of  the  second  form 
are  commonly  to  be  foimd  during  the  latter  part  of  April  to  early 
May  in  Virginia  (March  in  North  Carolina),  and  they  occur  in  vary- 
ing numbers  associated  with  nymphs  of  the  first  form.  Nymphs  of 
both  forms  are  well  developed  by  the  middle  of  September  of  the  year 
in  which  sexual  maturity  is  attained,  injlavipes. 

Colonizing  individuals  of  Jlavipes  appear  from  the  early  part  of 
April  to  May  in  Virginia  and  Maryland  (earlier  in  infested  buildings). 
In  the  case  of  virginicus  they  do  not  appear  till  a  month  later,  or  the 
end  of  May  or  early  Jime  in  Virginia  and  Maryland.  After  having 
attained  the  mature  pigmentation  they  soon  swarm. 

The  royal  individuals  of  Jlavipes — the  pairs  of  winged  sexed  adults 
that  have  swarmed — are  to  be  foimd  together  in  the  royal  cell.  In 
incipient  colonies  of  termites,  imlike  the  other  social  insects,  the  male 
assists  in  the  establishment  of  the  colony  and  continues  to  cohabit 
with  the  queen,  there  being  repeated  coition. 

NEOTEINIC  REPRODUCTTVE   FORMS. 

Neoteinic  reproductive  forms  are  normally  ( ?)<*  developed  from 
nymphs  of  the  second  form  after  the  swarm;  the  males  continue  to 
cohabit  with  the  females.  Iromature  neoteinic  reproductive  forms 
are  to  be  found  at  the  time  the  winged  sexed  adults  are  attaining 
mature  pigmentation — the  end  of  April  in  Virginia.  Maturity  is 
probably  attained  shortly  after  the  swarm,  namely,  May  to  June, 
although  mature  neoteinic  reproductive  forms  have  been  found  before 
the  swarm. 

In  case  of  virginicus,  neoteinic  reproductive  forms,  produced  from 
nymphs  of  the  second  form,  are  matiu-ed,  fertilized,  and  egg  laying 
by  July  to  August.  In  case  of  Jlavipes,  these  reproductive  forms 
are  matiu'ed  by  May  to  June.     There  is  a  seasonal  variation. 

WORKERS. 

Workers  are  always  present  in  colonies  except  those  just  estab- 
lished by  colonizing  sexed  adults;  they  are  permanently  present  in 
the  colony  and  constitute  the  most  numerous  caste. 

«  These  forms  can  be  produced  at  any  time  necessary.  On  April  9,  1912,  a  decaying 
stump  infested  with  Jlavipes  was  removed  from  the  forest  and  placed  in  the  termi- 
tarium;  this  was  at  a  time  when  the  nymphs  of  the  first  form  were  nearly  mature. 
On  November  18  the  termites  had  entered  the  ground  and  two  neoteinic  ergatoid(?) 
forms  were  found  about  3  to  4  inches  below  the  surface  in  chambers  in  the  earth.  No 
nymphs  of  the  first  form  were  present.  They  could  be  distinguished  from  the  workers 
by  the  larger  size,  distended  abdomen,  straw-colored  pigmentation,  and  sharper  seg- 
mentation of  the  abdomen.  Rudimentary  wing  pads  were  present.  The  antennae 
had  15  to  16  segments.  Workers  solicited  drops  of  liquid  from  the  female  by  stroking 
the  abdomen  with  their  palpi. 
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Soldiers  are  also  always  present  in  colonies,  except  those  just  estab- 
lished by  colonizing  sexed  adults,  usually  a  few  being  present  in 
incipient  colonies;  they  are  always  relatively  much  less  numerous 
than  the  workers.  From  the  first  to  the  middle  of  August,  1913, 
freshly  molted,  pigmentless  soldiers  of  Jlavipes  were  common  in  colo- 
nies in  Virginia,  where  they  were  found  as  late  as  the  middle  of 
October.  On  August  17,  1913,  near  Chain  Bridge,  Va.,  molting 
larvae  and  nymphs  of  soldiers  of  virginicus  were  found. 

LOCATION   OF  THE    COLONY   IN   WINTER. 

By  the  middle  of  November  to  December,  depending  upon  the 
season,  termites  retreat  to  the  subterranean  passages  of  the  colony, 
the  earth  under  infested  logs  being  riddled  by  a  labyrinth  of  galleries. 
In  case  of  very  large  logs,  termites  may  remain  in  the  more  impene- 
trable inner  galleries  in  the  heartwood.  In  Virginia  they  remain  in  this 
retreat  until  the  last  of  February  or  first  or  last  part  of  March,  depend- 
ing on  weather  conditions. 

Indeed,  the  center  of  activity  in  termite  colonies  changes  with 
the  seasons,  due  to  the  varying  needs  of  the  colonies  as  to  condi- 
tions of  warmth  and  moisture,  which  are  essential  to  life  and  devel- 
opment. In  spring  when  there  is  abundant  moisture,  open,  wooded 
southern  exposures  are  favorable,  and  the  outlying  galleries  of 
colonies  are  teeming  with  developing  nymphs,  whereas  during  the 
heat  of  summer  conditions  would  be  too  dry.  Consequently  in 
summer  termites  bury  themselves  more  deeply  in  the  wood  or  earth 
in  less  exposed  galleries,  in  moist,  shady  sites,  and  in  winter  usually 
enter  the  ground  to  escape  the  cold.  *  In  autumn,  developing  larvae 
of  the  castes,  and  nymphs  of  soldiers  and  sexed  adults,  are  to  be 
found  in  the  outlying  galleries  where  the  warmth  will  enable  more 
rapid  development.  Therefore  colonies  apparently  depleted  at  cer- 
tain seasons,  at  others  will  be  infested.  Again,  the  Leucotermes 
colony  readily  migrates,  and  the  site  is  liable  to  abandonment  if 
conditions  become  unfavorable.  A  single  colony  may  extend  to 
and  inhabit  several  adjacent  stumps  or  trfees,  and  it  is  often  impos- 
sible to  define  the  limits  of  a  colony  or  the  line  of  demarcation  be- 
tween different  colonies  in  a  region  where  termite  colonies  are  abxmd- 
ant  and  there  are  many  decaying  stumps  or  logs;  hence  what  is 
apparently  a  separate  colony  may  be  only  a  branch  connected  with 
the  main  colony  by  subterranean  passages.  If  colonies  are  cut  into 
and  the  reproductive  forms  removed,  the  colony  quite  frequently 
abandons  the  nest.  The  reproductive  forms  are  capable  of  move- 
ment, and  it  may  be  that  old  colonies  branch  out  by  means  of  neo- 

a  As  the  higher  altitudes  are  attained,  termite  colonies  in  the  earth  under  stones 
are  more  common;  that  is,  in  the  North  CaroUna  mountains  and  in  cafions  in  Arizona. 
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teinic  reproductive  forms  which  eventually  establish  new  colonies. 
However,  this  is  only  a  theory,  but  otherwise  what  becomes  of  the 
large  number  of  nymphs  of  the  second  form  in  colonies  in  the  spring? 
Surely  they  are  not  needed  in  the  parent  colony  any  more  than  the 
winged  sexed  adults,  and  it  may  be  that  they  are  impelled  to  leave 
the  colony  by  the  same  irresistible  force  that  induces  the  swarm. 
However,  it  is  probable  that  workers  and  soldiers  accompany  them 
from  the  parent  colony  and  that  by  means  of  subterranean  passages 
they  establish  the  new  nest.  Indeed,  these  forms  may  be  the  nu- 
cleus of  the  small  bands  of  foraging  workers  and  soldiers  infesting 
decaying  branches  mentioned  frequently  in  literature.  The  alterna- 
tive is,  of  course,  that  such  bands  become  isolated  from  the  parent 
colony  and  rear  the  reproductive  forms.  It  seems  that  both  meth- 
ods may  be  possible  and  necessary. 

DURATION  OP  DEVELOPMENT   AND  LIFE. 

The  eggs  of  Jlavipes  hatch  in  about  two  weeks  after  they  are  laid. 
Workers  developed  from  eggs  laid  on  Jidy  15,  1912,  were  4.5  mm.  in 
length  by  the  following  December,  with  13  segments  to  the  antennss. 
Both  workers  and  soldiers  complete  their  development  within  one 
year. 

Definite  data  on  the  duration  of  life  of  any  individuals  of  Leuco- 
termes,  not  excluding  even  the  royal  pair,  are  lacking.  However,  the 
males  or  true  kings  of  Jlavipes  continue  to  live  with  the  true  queens 
after  copulation,  the  royal  individuab  probably  living  at  least  five 
years;*  neoteinic  queens  live  at  least  one  year  and  probably  as  long  as 
true  queens.  Smeathman  conjectures  that  a  queen  of  Termes  beUir 
C08U8  Smeathman  when  3  inches  long  is  about  2  years  old. 

CANNIBALISIC. 

There  are  many  instances  to  show  that  termites  are  cannibalistic  in 
their  habits;  all  dead  or  injured  individuals  are  eaten;  also,  according 
to  Odenbach,  larvae  that  have  difficulty  in  molting. 

It  is  not  at  all  rare  to  find,  especially  in  cases  of  workers,  a  narrow, 
grayish  band,  with  black,  scalloped,  tumed-up  edges  usually  on  the 
dorsum  of  the  abdomen,  but  also  sometimes  present  on  the  ventral 
surface  and  as  a  plate  on  the  legs.  This  band  is  sometimes  present 
on  the  abdomen  of  soldiers,  and  it  also  occurs  on  the  thorax  and 
head  of  workers.  Possibly  these  black  bands  are  healed-over  wounds 
where  the  insects  have  bitten  one  another  (fig.  9,c),  or  they  may  be  due 
to  a  bacterial  or  fimgous  disease,  or  to  both  wound  and  disease. 

These  bands  occur  on  workers  and  soldiers  of  both^wpe*  and 
virginicus, 

a  Heath,  H.  The  longevity  of  members  of  the  different  castee  of  Termopns  angui- 
ticollis,    Biol.  Bui.,  v.  13,  no.  3,  p.  161-164,  August,  1907. 
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Plate  XII. 


LEUC0TERME8  FLAVIPE8. 

Fio.  1.— a.  Abandoned  burrow  of  Lymexylon  sericeum  in  solid  wood  of  chestnut  telegraph  pole, 
in  which  a  fertilized  true  queen  was  found;  b,  cell  excavated  in  decaying  wood  by  young 
royal  couple. 

Fig.  2.— Royal  cell  in  solid  chestnut  in  which  40  neoteinic  royal  individuals,  for  the  most  part 
queens,  were  found,    (Original.) 
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On  August  12,  1914,  several  workers  with  these  bands  on  the  body- 
were  taken  from  a  colony  otjlavipes  at  Falls  Church,  Va.,  and  placed 
in  a  small  tin  box  with  decayed  wood  and  earth.  Normal  soldiers 
were  also  placed  in  the  box.  On  October  2,  1914,  the  workers  with 
the  black  bands  were  still  alive  and  apparently  in  the  same  condition; 
the  soldiers  had  no  bands. 

Chanvallon,  according  to  Hagen,**  recommends  placing  arsenic  in 
termite  nests,  and  since  the  insects  are  cannibals  and  the  dead  are 
eaten,  a  large  number  can  be  killed  in  this  manner. 

SITUATION  OF  THE  DIFFEItBNT  FOBMS  IN  THE  NEST. 

The  reproductive  forms  are  not  necessarily  to  be  foimd  in  a  *' royal" 
cell  situated  in  the  more  remote  parts  of  the  nests,  as  in  tropical 
species,  but  are  usually  in  the  more  soimd  or  solid  wood  (PL  XII, 
figs.  1,  a  and  2).  In  colonies  recently  established  by  colonizing  indi- 
viduals the  eggs  and  ypimg  are  present  in  a  definite  royal  cell,  where 
they  receive  the  care  of  the  queen.  In  well-established  colonies  no 
forms  are  permanently  present  with  the  reproductive  forms,  and  there 
apparently  is  no  well-defined  royal  cell. 

The  royal  cell,  excavated  in  decayed  wood  by  the  sexed  adults 
that  have  swarmed,  is  a  broad,  oval  chamber,  the  entrance  to  which 
is  but  sUghtly  larger  in  diameter  than  the  abdomen  of  the  queen  at  a 
period  14  months  after  swarming  (PI.  XII,  fig.  1,  6). 

Most  of  the  40  neoteinic  reproductive  forms  foimd  at  Falls  Church, 
Va.,  May  27,  1912,  were  congregated  in  a  single  chamber  in  the 
solid  wood  of  a  chestnut  slab.  This  chamber  was  a  broad  but  shallow 
longitudinal  cell  in  the  solid,  soimd  wood.  The  entrances  to  this 
chamber  were  but  slightly  larger  in  diameter  than  the  abdomens  of 
the  fertilized  queens.  Other  neoteinic  individuals  were  found  in 
shallow,  broad,  oval  cells  in  the  wood  and  in  earth  under  the  slab 
(PI.  XII,  fig.  2). 

The  nymphs  are  usually  present  in  the  more  remote  passages  of  the 
nest,  except  dining  the  spring,  when  they  are  in  the  outlying  channels,*^ 
where  the  warmth  of  the  sim  will  hasten  their  development. 

o  Hagen,  H.  A.  Monographie  der  Termiten.  Linnsea  Entomologica,  Bd.  10, 
1856,  p.  35. 

&  Developing  larvae,  nymphs,  or  immature  adults  are  normally  to  be  found,  tem- 
porarily at  least,  in  that  part  of  the  nest  where  there  are  the  most  favorable  conditions 
of  heat  and  moiffture  for  their  rapid  development — changing  with  the  seasons.  In 
the  spring  and  autumn  these  forms  occur  under  the  bark  on  decaying  stumps  and 
under  decaying  wood  or  bark  sunken  in  the  ground  in  open  sunny  sites,  always  being 
in  the  outlying  galleries  where  the  warmth  will  enable  more  rapid  development. 

There  are  apparently  no  permanent  sites  used  as  ** nurseries,'*  as  is  the  case  in 
tropical  species  of  termites.  However,  young  larvse  are  seldom  found  in  the  main 
impartitioned  runways,  but  rather  in  partitioned  galleries,  where  they  wiU  not  be 
disturbed  by  the  activities  of  the  other  members  of  the  colony.  Often  they  are  in 
broad  but  shallow  unpartitioned  galleries  in  the  more  sound  wood  of  the  interior 
heartwood  of  logs,  etc. 
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Unpartitioned  channels  or  runways  usually  contain  only  workers 
and  soldiers;  the  partitioned  channels  contain  larvae  and  nymphs 
besides.  The  young,  freshly  hatched,  developing  larvae  are  often 
found  in  broad  but  shallow  moist  galleries  in  the  interior  of  the 
heartwood.  Extensions  of  an  old  colony,  consisting  of  subterranean 
passages  leading  to  small  pieces  of  decaying  wood,  contain  only 
workers  and  soldiers. 

As  previously  stated,  during  the  winter  all  the  castes  seek  the  more 
remote  or  subterranean  passages  of  the  nest. 

THE  SWABM  OB  80-CAXI^D  NTJPTIAIi  FUGHT. 

Under  normal  conditions  in  the  Southern  States,**  in  early  April 
and  May,  in  the  case  of  the  more  common  species,  flavipes,  and  in 
June  in  the  case  of  virginieuSj  the  colonizing  individuals  emerge  in 

enormous  numbers  from 
small  holes  in  the  wood 
of  stumps,  logs,  poles, 
fence  posts,  foundation 
timbers  in  buildings, 
and  the  roots  of  trees 
and  from  the  ground. 
It  is  7  to  10  days  after 
the  last  sexed  adults 
have  acquired  wings 
and  mature  pigmenta- 
tion that  the  swarm 
occurs.  The  winged  in- 
sects usually  crawl  upon 
some  elevation  before 
taking  flight ;  before 
swarming  they  teem 
over  the  tops  of  infested  stumps  (fig.  12)  and  festoon  brush  lying  on 
the  ground  in  order  to  get  a  start.  If  a  sexed  adult  loses  its  \\dngs 
while  at  a  height  above  ground  (as  on  the  top  of  a  stump)  it  jerks 
itself  up  in  the  air  in  endeavoring  to  get  down.  Numerous  workers 
and  soldiere  are  congi'egated  in  the  outer  layers  of  the  wood  near  the 
exit  holes  at  the  time  of  emergence.  These  colonizing  individuals 
differ  from  the  other  soft-bodied  castes  in  that  they  are  larger,  of  a 
castaneous  color,  and  are  highly  specialized  and  developed  for  the 
purpose  of  swarming  and  starting  new  colonies.  In  addition,  they 
are  sexed  and  have  eyes  and  wuigs.  While  it  is  true  that  they  are 
weak  fliera  and  are  preyed  upon  by  many  insectivorous  animals — 
birds,  lizards,  insects,  etc. — yet  some  escape  to  found  new  colonies. 

a  The  first  swarm  which  contains  the  greatest  number  of  individuals  does  not 
occur  outdoors  ujitil  the  ripening  of  the  pollen  of  the  flowers  of  dogwood  (Comus 
JUxrida),  which  is  also  influenced  by  seasonal  and  geographical  variations. 


FiQ.  Yl.—LeucatermtB  flavipes:  View  of  a  swarm  of  sexed  adults 
emerging  from  a  stump  at  Falls  Church,  Va.;  a  portion  of  the 
enormous  numbers  constituting  a  swarm.    (Original.) 
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After  the  adults  have  flown  a  short  distance  m  an  uregular 
"wobbly"  manner,  they  fall  to  the  ground,  and  by  catching  the 
tips  of  the  wings  against  some  object  and  turning  sideways  they 
pry  them  off  at  a  suture  or  line  of  weakness  near  the  base,  leaving 
stub^.  This  triangular,  basal  portion  of  the  wing,  or  stub,  is  thick- 
ened and  more  chitinized  than  the  wing  and  is  also  pubescent  up  to 
the  suture,  a  possible  aid  in  breaking  oflf  the  wing  after  flight. 

The  male  follows  the  female  tirelessly  and  persistently,  with  head 
close  to  her  abdomen,  and  touches  her  abdomen  with  the  antenn®. 
Often  the  male  and  female  run  in  a  circle  of  small  diameter,  and 
sometimes  the  pursued  turns  piu^uer,  apparently  attracted  by  some 
secretion  at  the  posterior  end  of  the  body.**  Sometimes  as  many 
as  three  individuals  may  be  seen  running  off  together.  This  is 
apparently  due  to  sexual  attraction,  an  amatory  procedure  pre- 
liminary to  pairing,  which  accomplishes  the  purpose  of  bringing 
the  sexes  together.  This  continues  for  several  days  after  the  flight. 
The  sexes  are  attracted  to  each  other  at  a  period  several  days  before 
swarming,  as  is  evidenced  by  the  fact  that  when  a  colony  is  broken 
into  there  is  a  short  flight,  followed  by  loss  of  the  wings,  after  which 
the  male  follows  the  female  in  the  same  manner  as  after  normal 
swarming. 

Neither  of  the  terms  "swarm''  or  '^nuptial  flight''  is  appropri- 
ate in  referring  to  the  emergence  of  the  colonizing  sexed  adidt 
termites,  since  the  insects  after  a  short  flight  separate  into  pairs, 
or  the  males  and  females  may  even  "pair"  (but  do  not  "mate" 
sexually  till  later)  with  individuals  of  other  colonies,  and  never  con- 
gregate again  in  the  same  colony,  but  form  many  new  colonies.  In 
the  case  of  bees,  on  the  contrary,  after  the  swarm  subsides  the  insects 
all  together  form  one  new  colony.  Furthermore,  copulation  does 
not  take  place  at  the  time  of  the  swarm,  which  is  not  a  "nuptial 

flight." 

THE  ESTABLISHMENT  OF  NEW  COLONIES. 

Many  investigators  have  considered  that  the  foimdation  of  new 
colonies  by  winged  sexed  adults  was  impossible,  and  was  not  the 
purpose  of  the  swarm,  but  Perris  (1876),  P6rez  (1894),  and  Heath 
(1903)  disproved  this. 

For  several  days  after  swarming  the  now  wingless  sexed  adults 
can  commonly  be  foimd  together  imder  small  pieces  of  decaying 
wood,  lying  on  the  groimd,  ultimately  disappearing,  either  to  excavate 
shallow  ceUs  in  the  groimd,  in  decaying  wood  (PL  XII,  fig.  1,  ft),  or  to 
take  possession  of  an  old  abandoned  insect  burrow.  The  entrance 
to  this  now  royal  cell  is  but  slightly  wider  than  the  abdomen.     It 

a  Heath,  H.  The  habite  of  California  termites.  Biol.  Bui.,  v.  4,  no.  2,  p.  47-63, 
figs.  3,  January,  1903.    See  p.  64. 
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is  here  that  copulation  probably  takes  place.  Doubtless  many 
colonizing  pairs,  even  after  escaping  their  numerous  enemies  at 
the  time  of  the  annual  swarm,  fail  to  become  established  in  a  new  > 
colony  owing  to  unfavorable  moisture  conditions.  Sometimes  sev- 
eral pairs  are  found  together  in  the  same  cell  in  a  piece  of  wood,  or 
perhaps  one  male  and  two  females,  or  vice  veysa,  but  these  repro- 
ductive forms,  unlike  the  neoteinic  forms,  are  not  normally  polyg-  | 
amous.  The  young  royal  couple,  after  finding  suitable  shelter,  for- 
age for  themselves  and  the  abdomens  of  both  sexes  increase  slightly 
in  size,  becoming  swollen.  This  is  probably  due  to  feeding  *  and 
development  of  the  sexual  organs.*  Heath  states  that  "everything 
is  apparently  sacrificed  to  lightness  of  body"  at  the  time  of  the 
swarm.  This  results  in  wider  dispersal.**  Copulation  probably 
does  not  take  place  till  about  a  week  after  the  swarm,  when  the 
couples  are  established  together  in  the  royal  cell,  as  sexed  adults 
of  jlavipes  that  swarmed  on  May  8,  1912,  were  in  royal  cells  on 
May  15,  the  male  no  longer  following  the  female  about. 

While  it  is  not  essential  that  the  colonizing  pairs,  the  yoimg  kings 
and  queens,  be  adopted  by  foraging  workers  and  soldiers,  it  is  pos- 
sible that  this  sometimes  occurs.  It  is  significant  that  small  branch 
colonies  of  workers  and  soldiers  are  to  be  commonly  foimd  imder 
decaying  pieces  of  wood  and  in  the  groimd  after  the  swarm. 

COPULATION   AND  THE   RATE  OF  EGMJ  LAYING. 

Actual  copulation  was  not  observed  during  these  investigations, 
but  observations  indicate  that  copulation  does  not  take  place  till 
after  the  male  and  queen  are  established  in  the  royal  cell,  and  copu- 
lation at  tho  time  of  swarming  outside  the  nest  is  not  very  probable, 
as  the  genitals  of  tho  males  are  in  a  very  imperfect  stage  of  devel- 
opment.*^ Other  observers  have  noted  the  process  in  the  case  of 
jlavipes, 

IlavUand  states, <*  ''In  Termes  malayanus  I  have  reason  to  think 
that  the  king  fertilizes  the  eggs  after  they  are  laid;  indeed,  copu- 
lation in  the  casa  of  kings  and  fuUy  grown  queens  of  most  species  of 
the  genus  Termes  is  apparently  impossible.'^  [t] 

«  Heath,  H.     Loc.  cit. 

b  Miiller,  Fritz.     Beitriige  zur  kenntniss  der  Termiten.    Jenaische  Ztachr.  f.  m^., 
Bd.  7,  Heft  3,  p.  333-358,  figr,.  11,  pis.  19-20,  MSrz  7,  1873.    See  p.  337-351. 
I.  Die  Geschlecht^theile  der  Soldaten  von  Calotermes. 

II.  Die  Wohnungen  unserer  Termiten,  p.  341-358. 

c  Hagen,  II.  A.  Some  remarks  upon  white  ants.  •  Proc.  Boston  Soc.  Nat.  Hint., 
V.  20,  p.  121-124,  December  4,  1878. 

d  Haviland,  G.  D.  Observations  on  termites,  with  descriptions  of  new  speciee. 
[Read  3d  June,  1897.]  Jour.  Linn.  Soc.  (London),  Zool.,  v.  26,  p.  358-442,  pi.  22-25. 
April  1,  1898. 
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Grassi  states:*  "On  April  17,  1891,  about  11  a.  m.,  I  detected  the 
king  and  queen  in  coitu  in  a  glass  containing  a  small  Calotermes 
nest  *  *  *.  They  stood  end  to  end  in  a  straight  line  with  the 
tips  of  their  abdomen  appUed  to  each  other  *  *  *.  It  .is  there- 
fore certain  that  the  connection  takes  place  in  the  nest,  and  is  re- 
peated at  intervals."  Sandias  states^  that  he  observed  what 
appears  to  be  a  similar  process  between  substitute  forms  still  far 
from  maturity,  being  only  about  a  fortnight  old. 

The  Rev.  F.  L.  Odenbach,  of  St.  Ignatius  College,  Cleveland,  Ohio, 
has  noted  (MSS.)  the  copulation  of  neoteinic  royalty  (Leucotermea 
jlavipes),  namely,  the  mating  of  supplementary  queens,  time  and 
again  in  artificial  nests.  On  March  11  and  29,  1898,  he  observed 
many  sexed  adults  pairing,  coitu  lasting  about  three  minutes.  He 
further  states  that  the  same  queen  has  connection  repeatedly  with 
different  males.  On  December  27,  1899,  in  describing  the  pairing 
of  neoteinic  royalty  with  short  wing  pads,  he  states:  ''The  introduc- 
tion is  a  lively  play  with  feet  and  feelers,  heads  looking  in  opposite 
ways,  the  bodies  curved  together  so  as  to  make  a  circle,  then  the 
male  slips  along  the  body  of  the  female  imtil  the  organs  meet;  then 
they  stand  in  one  line,  heads  looking  in  opposite  directions.  The 
body  is  moved  backward  and  forward,  hinging  on  the  legs  and 
finally  to  both  sides,  as  if  they  wished  to  telescope  the  abdomens. 
Time  of  coimection,  about  one  minute.'' 

Heath  states*'  *  *  *  "almost  a  fortnight  after  swarming,  I 
have  on  several  occasions  seen  the  royal  pair  of  Termopsis  in  coitu. 
With  their  bodies  closely  appressed  end  to  end  in  a  straight  line  they 
remain  from  one  to  ten  minutes  in  contact.' ' 

Egg  laying  in  the  case  oi  Jlavipes  begins  about  the  middle  of  Jime 
or  July,  varying  with  the  season,  or  about  one  and  one-half  months 
after  the  swarming.  While  the  eggs  hatch  in  about  10  days  after 
they  are  laid,  larvse  of  varying  sizes  are  often  present,  since  they  do 
not  aU  hatch  imiformly.  Most  of  the  first  broods  develop  workers 
and  a  few  soldiers,  as  the  workers  constitute  the  caste  most  necessary 
to  the  conduct  of  the  young  colony.  At  this  time  the  queen  and  the 
male  still  occupy  the  royal  cell  together  and  the  queen,  with  abdomen 
only  slightly  distended,  cares  for  and  carries  about  the  eggs  and  later 
the  young  larvse  in  her  mouth,  when  the  colony  is  disturbed.  The 
royal  cell  is  kept  clean  and  the  sides  are  now  smoothed. 

Recently  hatched  larvae  are  fed  on  prepared  food  and  do  not  eat 
wood  until  later  in  their  development.  On  January  8  and  15,  1896, 
Odenbach  observed  workers  to  draw  a  white  substance  of  the  con- 
sistency of  butter  from  the  anus  of  neoteinic  queens  and  devour  it. 

a  Grassi,  B.,  and  Sandias,  A.     Op  cit.,  p.  285-286. 

&  Ibid.,  p.  386.  - 

c  Heath,  Harold.    Op.  cit.,  p.  52. 
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On  November  18,  1912,  workers  were  observed  to  solicit  liquid  from 
the  anus  of  a  larval  or  ei^atoid  ( ?)  queen,  at  Falls  Church,  Va.  On 
August  5,  1913,  a  fertilized,  fully  d?veloped  queen,  collected  at 
Veitoh,  Va.,  about  14  millimeters  in  length,  ejected  a  clear  white 
liquid  from  the  anus,  when  disturbed. 

The  rate  of  egg  laying  of  the  young  and  active  queen  is  not  very 
rapid,  as  clusters  of  eggs  in  varying  numbers  from  about  6  to  12 
were  observed  in  several  celb  with  single  pairs.  The  new  colony  at 
first  is  very  small,  and  even  after  the  rearing  of  the  first  brood  of 
workers  and  soldiers  the  increase  in  numbers  is  not  rapid.  In  July, 
1912,  at  Falls  Church,  Va.,  about  12  small  white  eggs  in  a  cluster 
were  observed  in  a  royal  cell  with  young  royal  individuals  otjlavipes. 
At  least  three  w?re  observed,  probably  2  males  and  1  female.  These 
had  been  captured  after  the  swarm  on  May  8,  in  the  earth  imder  a 
small  piece  of  decaying  wood.  On  July  29  the  newly  hatched  larv« 
were  observed,  and  on  October  30  seven  workers  and  one  soldier  sur- 
roimded  a  single  royal  pair.  Fragments  of  the  chitinized  parts  of 
another  adult  were  found  near  the  royal  cell.  The  abdomen  of  an 
^^^-laying  female  under  observation,  13  months  after  swarming, 
was  oblong  and  somewhat  distended,  the  segments  of  the  abdomen 
being  slightly  separated  and  showing  white  between.  On  October 
30,  when  the  female  in  the  royal  cell  was  disturbed,  she  continually 
moved  the  end  of  the  abdomen,  curving  it  ventrally  under  the  body. 
This  alternate  risjng  and  falling  of  the  abdomen  has  been  described 
by  Smeathman  as  a  constant  "peristaltic"  movement,  in  the  case 
of  tropical  species.  No  eggs  had  been  laid  since  the  first  were  de- 
posited in  July,  and  it  is  believed  that  this  so-called  "peristaltic" 
movement  in  case  of  Leucotermes  is  merely  the  result  of  alarm,  and 
has  no  dire(*t  bearing  on  e^  laying.  During  this  time  the  male  still 
occupied  the  cell  with  the  female  and  both  were  active.  Eventually 
the  abdomen  of  the  female  becomes  immensely  distended  through 
the  development  of  the  ovaries,  but  in  the  case  of  certain  species  of 
Leucotermes  the  queen  still  retains  the  power  of  locomotion. 

It  will  thus  be  seen  that  development  imder  the  foregoing  con- 
ditions is  at  best  a  slow  process  and  not  at  all  comparable  to  that 
which  takes  place  in  tropical  species,  where  growth  of  the  queen  and 
the  rate  of  egg  laying  is  correspondingly  rapid. 

On  February  21, 1913,  nine  or  more  additional  eggs  were  observed  in 
a  cluster  near  the  royal  cell  of  the  above-mentioned  pair.  This  cell 
was  in  a  small  decayed  branch,  placed  on  moist  earth,  and  isolated 
in  a  tin  box.  On  February  24  the  first  freshly  hatched  larva  was 
observed.  The  abdomen  of  the  queen  at  this  time  was  not  markedly 
distended.  On  May  16  freshly  hatched  larvas  were  again  present  in 
this  colony.  On  August  15  six  eggs,  as  well  as  newly  hatched  young, 
were  present  in  the  royal  cell.    The  male  still  cohabited  with  the 
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queen,  and  the  abdomen  of  the  queen  was  not  as  yet  markedly 
distended. 

While  the  recently  hatched  young  are  active,  they  are  dependent 
on  the  care  of  the  parents  or  upon  the  workers  for  food. 

Wheeler**  states,  "In  incipient  ant  colonies,  the  queen  mother 
takes  no  food,  often  for  as  long  a  period  as  eight  or  nine  months,  and 
during  all  this  time  is  compelled  to  feed  her  first  brood  of  larvae 
exclusively  on  the  excretions  of  her  salivary  glands.  This  diet, 
which  is  purely  qualitative,  though  very  limited  in  quantity,  pro- 
duces only  workers  and  these  of  an  extremely  small  size  (micrer- 
gates).''  In  incipient  termite  colonies  (Leucotermes  and  Termop- 
sis^)  the  young  royal  couple  share  the  royal  cell,  excavated  in 
decaying  wood,  at  which  time  the  abdomens  of  both  the  sexed  adults 
increase  slightly  in  size,  and  they  take  food — that  is,  wood.  The  first 
larvae  develop  to  workers  and  a  few  soldiers,  both  forms  being  smaller 
than  normal  individuals  or  those  in  well-established  colonies.  No 
nymphs  of  sexed  adults  are  produced  during  the  first  year.  The 
rate  of  egg  laying  of  a  fully  developed  true  queen  is  much  more  rapid. 
On  August  5,  1913,  at  5  p.  m.,  a  true  queen,  about  14  millimeters 
long,  which  had  been  taken  in  the  root  of  a  dead  chestnut  tree  above 
ground,  was  isolated  with  the  king  in  a  cell  in  wood.  By  9  a.  m.  on 
August  6,  more  than  12  eggs  had  been  laid.  When  captured  in  the 
tree  there  were  several  hundred  eggs  as  well  as  numerous  recently 
hatched  larvae  near  by. 

The  antennae  of  some  true  royal  pairs  that  have  swarmed  are 
apparently  entire  at  a  period  of  seven  months  after  swarming;  how- 
ever, the  segments  were  not  actually  counted.  In  other  pairs  the 
antennae  of  both  sexes  are  mutilated. 

THE  BOYAL  PAQt  AND  OT^£B  BEPBODUCTIVE  FOBMS. 
OCCURRENCE   IN   THE   UNITED   STATES. 

Feytaud*'  gives  a  historical  account  of  the  frequency  of  occur- 
rence of  reproductive  forms  of  L.  lucifugus  in  Europe  and  figures  the 
reproductive  forms.  Between  April  and  September  in  the  eastern 
United  States  the  several  types  of  reproductive  forms  of  our  common 
species  of  termites  are  to  be  found  in  colonies  in  decaying  wood 
above  ground;  that  is,  the  pigmented,  true  royal  pair  with  wing 
stubs,  developed  from  the  sexually  mature  adults;  the  supple- 
mentary neoteinic  forms,  with  pale  straw-colored  pigmentation  and 
short  wing  pads,  developed  from  nymphs  of  the  second  form;  and 
the  ergatoids  and  neoteinic  larval  forms,  with  straw-colored  pigmen- 
tation and  no  wing  pads  or  rudiments,  developed  from  mouldable 
larvae.     It  is  believed  that  since  these  forms  are  mobile  and  that  in 

a  Op.  cit.,  p.  68.  ^  Heath,  H.    Op,  cit.,  p.  57,  «  Loc.  cit. 

Digitized  by  VjOOQlC 


64  IK8ECTS  INJURIOUS  TO  F0BEST8. 

old,  well-eetablished  colonies  there  is  apparently  no  definite  perma- 
nent royal  cell,  these  forms  inhabit  the  subterranean  passages  in 
wood  or  in  the  earth  below  the  frost  line  during  the  winter.  During 
the  warm  months,  probably  to  facilitate  the  processes  of  reproduc- 
tion and  development  of  the  young,  they  inhabit  the  passages  in 
decaying  wood  above  ground.  The  occurrence  of  true  royal  pairs 
is  not  rare,*  but  supplementary  or  neoteinic  reproductive  forms  are 
apparently  more  common  in  colonies. 

HISTORICAL. 

The  following  is  a  historical  record,  in  chronological  sequence,  of 
the  occurrence  of  reproductive  forms  in  colonies  of  Leucotermes 
fiavipes  and  L.  virginicus  in  the  United  States,  together  with  notes  on 
the  conditions  under  which  they  were  found. 

The  first  queens  of  flavipes  taken  *  in  the  United  States  were  found 
by  the  late  H.  G.  Hubbard  in  a  colony  in  Florida  and  were  of  the 
neoteinic  type,  or  supplementary  form,  with  short  wing  pads.  Hub- 
bard also  found  the  first  neoteinic  kings,  although  he  makes  no  m^i- 
tion  of  them  and  may  not  have  recognized  the  fact  that  he  had  found 
both  sexes  of  neoteinic  reproductive  forms.  Some  of  the  neoteinic 
queens  that  Hubbard  collected  are  deposited  in  the  Hagen  collection 
at  Cambridge,  Mass.,  but  most  of  the  specimens  are  in  the  collection 
of  the  United  States  National  Museum.  The  number  of  specimens  now 
present  in  the  vials  at  the  museum  is  probably  not  as  great  as  when 
originally  collected,  since  Hubbard  gave  certain  of  the  royal  individuals 
to  Hagen.  Hubbard's  note,  dated  ''Enterprise,  Fla.,  May  19,  1875," 
recording  the  finding  of  the  first  reproductive  forms  in  the  United 
States,  reads:  '^Termes  flavipes  (determined  by  Hagen),  females  with 
their  eggs  from  small,  rotten  log  in  road  near  lake  shore;  females  not 
in  separate  cells,  several  together.'*  [This  vial  also  contained  two 
supplementary  kings  and  nymphs  of  the  first  form.]  Another  note 
dated  April  4,  1882,  Crescent  City,  Fla.,  reads:  ''Termes  flavipes, 
nymphs,  queens,  and  eggs  from  galleries  in  pine  log;  Trichopsenius 
and  Anacyptus  were  found  in  this  nest."  [A  neoteinic  king  was  also 
present  in  the  vial.]  A  note  dated  ''May  11,  1883,  Crescent  City, 
Fla.,  in  pitch  pine,"  is  in  a  vial  containing  11  neoteinic  queens,  5  neo- 
teinic kings,  and  631  eggs  with  the  embryos  in  various  stages  of  de- 
velopment.    [Nyniphs  of  the  first  form  were  also  present  in  this  vial.] 

o  It  was  formerly  thought  that  true  queens  did  not  exist  in  colonies  in  the  United 
States  and  Europe  (proper).  According  to  E.  A.  Schwarz  (Termitidse  observed  in 
southwestern  Texas  in  1895.  Proc.  Ent.  Soc.  Wash.,  v.  4,  no.  1,  p.  38-42,  Nov. 
6,  1896),  there  are  but  few  permanent  nests,  headed  by  true  royalty,  of  Leucotermes, 
due  to  the  wandering  habit  of  the  genus;  that  is,  the  frequent  moving  of  colonies 
would  necessitate  such  rarity. 

fr  Hagen,  H.  A.  The  probable  danger  from  white  ants.  Amer.  Nat.,  v.  10,  p.  401- 
410,  July,  1876.     See  p.  405. 
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Mr.  Louis  H.  Joutel,*  of  New  York  City,  found  a  number  of  ferti- 
lized, egg-laying  neoteinic  queens  occupying  the  same  cell,  9  in  one 
colony  and  14  in  another.  The  number  varies  with  the  colony,  as 
has  since  been  ascertained,  and  many  neoteinic  royal  individuals  may 
be  present  in  a  small  colony,  where  they  would  be  more  needful.  Mr. 
Joutel  spent  several  years  in  the  study  of  termites,  and  in  correspond- 
ence with  the  writer  states  that  on  two  separate  occasions  he  has 
found  true  queens — the  first  shortly  after  the  finding,  in  1893,  of  the 
above-mentioned  neoteinic  queens.  This  would  be  the  earliest  record 
of  the  finding  of  a  true  queen  oijlavipes  in  this  country.  He  further 
states  that  on  a  later  occasion  he  found  two  true  queens  at  PeekskiU, 
N.  Y.;  on  the  same  day,  July  14,  under  about  the  same  conditions. 
The  queens  were  located  in  a  *'*  *  *  dead  hickory  stump,  about 
12  inches  diameter,  and  were  in  the  upper  part  of  the  tunnels  among 
the  workers.  There  was  nothing  to  suggest  a  queen  cell  and  no  eggs 
to  be  found,  although  I  looked  over  them  carefully.  They  were  found 
in  stumps  about  20  to  30  feet  apart."  In  commenting  on  a  statement 
made  by  the  writer*  that  a  true  queen  was  inactive  in  a  burrow 
when  discovered,  Mr.  Joutel  states:  ''The  three  [true  queens]  that  I 
found  were  very  active,  and  while  they  did  not  move  quite  as  fast  as 
the  larvae  [workers],  it  was  due  only  to  their  size."  Mr.  Joutel  is  quite 
right,  as  I  have  since  found  out,  and  the  instance  cited  was  probably 
due  to  the  queen  being  caught  in  a  burrow  too  narrow  for  her  dis- 
tended abdomen,  in  trying  to  escape,  rather  than  being  confined  in  a 
cell  the  entrance  to  which  was  narrower  than  the  size  of  her  abdomen. 
Wliile  Mr.  Joutel  was  the  first  actually  to  find  a  true  queen,  Mr.  C. 
SchaeflFer,**  of  Brooklyn,  N.  Y.,  was  the  first  to  record  the  finding  of  a 
•ertilized,  true  queen  of  jlavipes,  at  Moshulu,  N.  Y.,  July  16,  1902. 
3e  has  kindly  loaned  the  specimen  to  me  for  study.  This  queen  is 
ipproximately  8  millimeters  in  length,  the  abdominal  tergites  and 
itemites  not  being  widely  separated,  is  markedly  pubescent,  and  the 
oxtennsB  are  mutilated. 

In  describing  the  true  queens  which  he  foimd,  Mr.  Joutel  states 
hat  they  resembled  the  queen  that  Mr.  SchaeflFer  foimd.  He  fxu*- 
tier  states,  "*  *  *  they  were  all  apparently  broader  than  the 
me  you  figure  in  relation  to  its  length.  The  heavy  chitinized  parts 
Doked  like  little  dots  on  the  surface  and  did  not  take  up  as  much 
pace  in  relation  to  the  rest  of  the  surface  as  those  parts  do  in  the  one 
^o"u  figure.  [True,  in  hving  specimens.]  The  first  one  had  its 
ntennse  complete;  of  the  other  two,  one  had  two  segments  missing 
DL    one    antenna   and   the   other   had    three   segments   wanting — 

«  Loc.  cit. 

&  Snyder,  T.  E.    Record  of  the  finding  of  a  true  queen  of  Terrnes  Jlavipes  Kol.     Proc. 
nt.  Soc.,  Wash.,  v.  14,  no.  2,  p.  107-108,  June  19,  1912. 
62896°— BuU.  94,  pt  2—15 4 


Digitized  by 


Google 


56  INSECTS  INJUBIOUS  TO  FORESTS. 

these  happened  to  be  on  the  same  side."  He  also  says,  "I  have  re- 
peatedly taken  a  pair  at  swarming  time  and  bred  the  eggs  from  them, 
but  have  never  got  them  to  colony  size,"  and  that  "*  *  *  in 
stating  that  I  foimd  only  three  queens,  I  had  reference  to  the  fully 
developed  ones.  On  Staten  Island,  in  company  with  Mr.  W.  T. 
Davis,  I  came  across  a  small  log  that  had  eight  separate  cells  with  a 
king  and  queen  in  each.  A  few  had  three  and  one  four  (individuals). 
They  had  eggs  but  no  young.  Some  had  perfect  antenn8e^and  others 
had  segments  missing."  He  states:  "One  small  colony  that  I  kept 
alive  several  years  that  had  only  about  two  or  three  dozen  workers 
mvarmed  each  year,  a  few  individuals  only,  but  I  broke  up  and  exam- 
ined each  fragment  of  wood  and  sifted  the  groimd  several  times  but 
never  foimd  a  trace  of  either  kind  of  queen;  the  whole  colony  was  con- 
tained in  a  gallon  jar.  Other  colonies  that  had  thousands  of  workers, 
which  I  kept  alive  about  22  months  from  time  of  collecting,  never 
swarmed  or  had  yoimg,  but  finally  died  of  old  age,  I  prestmie.  They 
got  smaller  and  seemed  to  have  more  fat  in  their  makeup."  Mr. 
Joutel  also  says,  "light,  I  foxmd,  was  not  objected  to  by  termites, 
imless  it  was  too  strong,  as  long  as  they  felt  that  they  were  covered, 
that  is,  they  worked  imder  cover,  not  necessarily  in  the  dark."  This 
is  true,  but  even  in  metal  termitariums  with  sliding,  thick,  red  glass 
covers,  termites,  while  at  first  they  actively  wandered  about  on  the 
surface  of  the  earth,  and  were  apparently  xmaffected,  soon  sought 
cover  imder  decaying  pieces  of  wood  or  in  the  earth. 

The  Rev.  F.  L.  Odenbach,  S.  J.,  has,  since  1895,  made  observations 
on  the  habits  of  Leucotermes  Jlavipes  in  artificial  colonies.  He  has 
roughly  sketched  in  his  notes  two  types  of  neoteinic  queens  that  he 
has  foimd.  The  neoteinic  kings  he  describes  as  being  compre^ed 
laterally,  and  therefore  seeming  to  have  a  ridged  back.  One  neoteinic 
queen,  with  short  wing  pads,  that  he  foimd  pairing  was  10  millime- 
ters in  length  and  had  a  markedly  distended  abdomen.  Another 
gravid  queen  that  he  figures  is  apparently  adapted  from  a  nymph  of 
the  first  form,  since  long,  well-developed  wing  pads  are  present.  The 
abdomen  is  distended  and  the  abdominal  tergites  are  separated.  He 
states: 

These  reproductive  forms  were  from  a  very  large  nest  I  took  up  in  South  Brooklj-n, 
near  Cleveland,  Ohio,  in  the  fall  of  1895. 

I  placed  the  termites  in  a  large  glass  globe.  In  September,  1897,  I  discovered  a 
large  mass  of  eggs  from  which  were  developed  all  the  different  nymph  forms  known  to 
me,  true  winged  males  and  females  also  in  large  niunbers.  These  latter  chased  about 
the  nest  in  such  wild  disorder  for  a  few  days  that  the  workers  fell  upon  them  and  de- 
stroyed them  to  the  very  last  one.  It  reminded  me  of  the  slaughter  of  drones  in  a 
beehive.  At  the  time  it  seemed  to  me  that  the  wild  orgies,  [?]  which  as  a  rule  occur 
outside  of  the  nest  in  midair,  disconcerted  the  workers  and  soldiers  who  did  the  next 
beet  thing  to  restore  order  and  quiet  in  their  household. 

From  the  above  large  nest  I  caused  a  colony  to  migrate  into  a  Lubbock  nest,  and 
in  this  neet  I  found  the  different  neoteinic  reproductive  forms.    First,  the  nymph 
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with  the  long  wing  pads.    She  laid  ^gs,  and  I  repeatedly  induced  her  to  do  so  by . 
the  same  means  by  which  I  first  caused  ant  workers  to  lay  eggs  (1885). 

If  they  seem  numb  with  cold,  I  place  my  hand  on  the  glass  plat^e  and  this  induces 
the  activity. 

This  queen  was  quite  different  in  shape  and  color  from  those  I  will  mention  below, 
being  laiger  and  of  a  lifter  color.  She  was  slow  in  her  movements  and  did  not  change 
her  location  very  often.  She  was  tended  by  the  workers,  which  could  hardly  be  said 
of  the  others,  since  they  were  too  restless. 

The  others,  reproductive  individuals,  were  nymphs  of  different  kinds,  with  different 
shaped  wing  pads,  but  none  with  as  long  ones  as  those  of  the  individual  mentioned 
above.  They  also  laid  eggs,  but  during  one  of  their  wild  rushes  around  the  nest  were 
given  their  quietus.  I  now  had  only  the  above  n3anph  and  the  one  with  no  visible 
wing  pads  left.  This  latter  I  thought  to  be  a  true  queen  (?),  since  the^eatment  of 
her  was  nothing  like  that  accorded  to  the  nymph  with  long  wing  pads.  She  laid  Qggs, 
but  seemed  to  be  disregarded  by  the  workers. 

On  March  26,  1895,  at  Haw  Creek,  Fla.,  Hubbard  found  an  imago 
(a  male)  with  the  wings  gone,  in  a  colony.  The  antennae  have  seg- 
ments missing.  His  note  reads,  *'In  old,  rotten  pine  log  in  swamp 
hummock;  soldiers,  larvae,  and  imago  with  wings  gone/' 

King  ^  ako  states  that  he  has  found  a  black  form  (male)  with  wing 
stumps  in  a  colony  and  that  it  is  a  swift  runner.  ** Again,  there*  is 
associated  with  Termes  Jlavipes  a  clear  black  •form,  variable  in  size, 
some  with  wing  stumps,  and  others,  so  far  as  I  can  see  now,  without 
being  cleared,  appear  to  have  none.  [?]  I  have  only  met  with  five  of 
these  forms  so  far;  one  measured  6  mm.  in  length,  another  5  mm.,  and 
two  of  these  measure  4  mm.*'  He  states  that  the  fifth  form  was  sent, 
not  long  since,  to  Dr.  L.  O.  Howard,  with  notes,  who  referred  it  to 
Mr.  E.  A.  Schwarz,  the  latter  stating  that  it  was  a  fully  developed 
male  with  wing  stumps. 

Mr.  King  further  says : 

<<  *  *  *  When  I  first  observed  its  appearance  with  Termes 
Jlcmpes,  and  in  the  nest  with  it,  I  supposed  it  to  be  a  species  of  a 
staphylinid  beetle,  so  swift  were  its  movements  that  they  made  them 
quite  deceptive.  They  are  very  swift  runners  and  hard  to  capture. 
Further  observations  will  be  necessary  to  determine  whether  these 
are  new  species  or  not.  It  is  my  impression,  however,  that  they  are 
of  a  diflferent  type.'' 

He  does  not  state  at  what  period  of  the  year  he  found  this  form. 

These  forms  found  by  Hubbard  and  King  were  possibly  royal  indi- 
viduals, and  in  the  case  of  the  specimens  collected  by  Mr.  King  they 
were  possibly  of  both  species,  Jlavipes  and  virginicus. 

H.  G.  Hubbard  found  a  true  queen  of  Leucotermes,  probably  ludr- 
Jugus  (a  species  very  similar  to  flavipes  ^).  As  in  virginicus  the  ocelli 
are  nearer  to  the  compound  eyes  than  in  jlavipes.    L.  virginicus 

<zKing,  G.  B.  Termes  flavipes  Kollar  and  its  association  with  ants.  Ent.  News, 
V.  8,  No.  8,  p.  193-196,  October,  1897.    See  p.  194. 

& Hagen,  H.  A.  Monographie  der  Termiten.  Linnsea  Entomologica,  v.  12, 1858,  p. 
174-180  and  182-185. 
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Banks  has  as  yet  been  found  only  in  Virginia,  West  Virginia  (Hop- 
kins), Maryland,  North  Carolina,  and  Illinois  (Snyder).  Leuccierme^ 
ludfugua  Rossi  occurs  in  the  United  States  and  ''is  found  in 
Texas,  Kansas,  Colorado,  and  southern  California,  and  perhaps  else- 
where."** The  species  lucifugus  of  Mediterranean  Europe,  according 
to  E.  A.  Schwarz,^  is  probably  native  to  America  (Mexico).  Accord- 
ing to  Dr.  Knower,  Jlavipes  has  been  introduced  into  Japan  and  is 
firmly  established.  This  species  has  also  been  introduced  into  Europe 
and  has  been  destructive  in  the  vicinity  of  Vienna. 

This  true  queen,  found  by  Hubbard,  is  slightly  over  13  millimeters 
in  length,  has  the  abdominal  tergites  and  stemites  more  projecting, 
and  has  not  as  great-ly  distended  an  abdomen  as  the  true  queen  found 
in  Virginia;  that  is,  the  chitinized  parts  are  less  fused  than  in  the  older 
queen.     (PI.  XHI,  ft.) 

The  note  in  Hubbard's  field  diary  recording  the  discovery  of  the 
first  fertilized  true  queen  reads  as  follows: 

June  20th,  1898,  Santa  Rita  Mountains,  Madera  Cafion  (Southern  Arizona).  We 
ascended  a  ravane  filled  with  majestic  sycamore  trees  under  which  the  ground  was  w«t 
with  numerous  springs,  but  entirely  tramped  by  cattle  and  devoid  of  smaller  vegeto- 
tion.  ♦  ♦  ♦  I  found  under  a  stone  in  a  little  dry  mound  in  a  wet  springy  ejxrt 
on  the  mountain  side,  a  colony  of  true  Termes,  among  which,  in  a  cell  cavity  jui?t 
beneath  the  stone  was  a  single  matured  gravid  female,  or  queen,  which  certainly  had 
been  winged;  took  eggs,  larvae,  workers,  and  soldiers  with  the  queen.  This  is  the 
first  instance  known  of  a  true  queen  in  the  genus  Termes.  There  were  no  supple- 
mentary or  nymphal  queens  in  this  colony  and  no  male  was  found.  I  explored  the 
entire  colony,  which  was  not  a  large  one. 

Prof.  Harold  Heath,  of  Stanford  University,  Cal.,  has  described  the 
life  cycle  of  LeucoterTnes  lucifugus  in  California,^  which  is  very  similar 
to  that  of  our  conunon  species  of  the  East .  He  figures  a  true  *  'primary^' 
queen,  as  only  8  months  old,  however,  that  has  a  markedly  distended 
abdomen  and  the  abdominal  tergites  separated — probably  an  error, 
due  to  transposed  descriptions  xmder  the  figures,  according  to  obsCT- 
vations  by  Feytaud  ^  and  the  writer. 

A  true  queen,  with  wing  stubs  (Jlavipes),  found  by  the  writer  was 
in  an  abandoned  burrow  of  Lymexylon  sericeum  Harr.  (PI.  XHI,  h) 
in  the  decaying  butt  of  a  chestnut  telegraph  pole  near  Portsmouth, 
Va.,  on  August  12,  1910.  This  queen  was  inactive,  since  the  burroU 
was  no  wider  than  her  abdomen,  and  apparently  she  was  unattended. 
The  abdomen  was  greatly  distended  and  oblong  in  shape,  the  ab- 
dominal tergites  and  stemites  being  widely  separated.  In  the  brigh^ 
sunUght  the  abdomen  appeared  to  have  a  yellowish  green  tinge. 
The  length  of  the  queen  was  approximately  14  millimeters.  TTm 
antennsB  were  mutilated. 


a  Howard,  L.  O.    The  Insect  Book.     p.  356.    New  York,  1901. 

ft  Loc.  cit.     See  p.  39. 

«  Heath,  Harold.    Loc.  cit. 

<* Feytaud,  J.    Op.  cit.,  p.  567,  fig.  21. 
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Fig.  1.— «,  Supplementary  queen  with  straw-colored  pigmentation  to  chit- 
inized  parts:  b,  trae  queen  with  castaneous  pigmentation  to  cliitinized 
parts.      (Original.) 


Pig.  2. — Supplementary  and  true  queen,  showing  deeper 
pigmentation  of  chitinized  parts  of  the  true  queen. 
(Original.) 

LEUCOTERMES  FLAVIPE8. 
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Plate  XIV. 


Leucotermes  virqinicus  and  L.  flavipes. 

a,  L.  virffinicus,  neoteinic  larval  reproductive  form:  6,  L.flainpes,  neotelnic  nymphal  repio- 
ductive  form  (aueen;;  c».  c«,  LJlavipe^,  neoteinic  larval  queens,  dorsal  and  ventral  views 
(noteabflenoeofwlngpads).    From  etherized  specimens.    £nlaiged  10 times.     (Orl^naL) 
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Mr.  W.  B.  Parker,  of  the  Bureau  of  Entomology,  has  found  two 
large  fertilized  true  queens  of  Leucotermes  ludfugua  in  redwood  hop- 
poles  in  California.  These  queens  were  found  in  May,  one  being 
approximately  8  millimeters  in  length,  with  11  segments  to  the 
antennae,  the  other  approximately  6  millimeters  in  length,  with 
antennaB  broken.  Like  the  queen  found  by  Mr.  Schaeffer,  the  ab- 
domens were  not  fully  distended. 

At  Falls  Church,  Va.,  during  the  seasons  of  1912,  1913,  and  1914, 
nxunerous  nymphs  of  the  second  form,  in  stages  before,  during,  and 
after  molting,  were  found  by  the  writer;  also  young  and  mature 
neoteinic  reproductive  forms  and  yoimg  and  matuire  true  royal  indi- 
viduals. 

On  April  23,  1912,  at  Falls  Church,  the  fii-st  colony  of  Jlavipes  was 
found  with  a  nymph  of  the  second  form  present.  The  abdomen 
was  noticeably  broader,  and  this  nymph  was  active  and  associated 
with  nymphs  of  the  first  form.  The  nymphs  of  the  first  form  were 
fully  developed  and  in  various  stages  to  the  sexed  adults  with  imma- 
ture pigmentation.  Freshly  hatched  young  larvae  wore  present.  The 
day  was  sunny  and  warm. 

On  the  same  day  a  colony  oi  Jlavipes  was  found  in  a  decaying  tulip 
tree  stump,  established  well  in  the  heartwood.  Sexed  adults  with 
matiu-e  castaneous-black  pigmentation  were  present  and  flew  when 
the  colony  was  disturbed.  They  were  not  present  in  large  numbers, 
and  all  were  in  the  outer  layers  of  the  wood.  No  fully  developed 
nymphs  in  the  stage  just  before  the  final  molt  were  present,  which  is 
remarkable,  as  they  were  apparently  present  in  all  other  near-by 
colonies.  Very  young  nymphs  and  half -grown  nymphs,  as  well  as 
larv8B  just  hatched  and  yoimg  to  medium-sized  larvae,  workers,  sol- 
diers, and  two  neoteinic  males  (mature  kings  ?)  were  present.  They 
were  active  and  in  the  outer  layers  of  the  wood.  The  abdomens 
of  these  males  tapered  markedly,  being  narrower  at  the  end  of  the 
abdomen.  They  had  a  yellowish  brown  pigmentation,  and  in  one 
king  the  compound  eyes  were  without  a  trace  of  pigmentation. 
(PI.  VIII,  fig.  2,  a.) 

A  small  colony  oi  Jlavipes  was  foxmd  on  April  25,  1912,  under  a 
^mall  chestnut  slab  lying  on  the  ground,  exposed,  but  sunken  com- 
pactly into  the  moist  earth.  The  day  was  sunny  and  warm.  Fully 
ioveloped  nymphs  oi  the  first  form  wore  the  most  abundant  stage, 
although  some  few  transforming  nymphs  and  a  few  sexed  adults 
vith  dark  pigmentation,  as  well  as  a  few  soldiers  and  workers,  were 
present.  The  next  most  abundant  caste  to  nymphs  of  the  first  form 
vas  nymphs  of  the  second  form,  of  which  90  were  present  and  4 
vere  molting.  They  were  active,  much  more  so  than  nymphs  of  the 
ijrst  form.  Most  of  these  forms  were  either  in  shallow  tunnob  in  the 
k^kxth  or  on  the  earth,  but  a  few  were  found  in  the  decaying  wood. 
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On  the  smme  day  a  single  nymph  of  the  second  form  was  taken  in  a 
small  colony  under  a  strip  of  chestnut  bark  compactly  pressed  into 
the  ground ;  this  nymph  was  associated  with  nymphs  of  the  first  form. 
In  two  other  colonies  single  nymphs  of  the  second  form  were  found 
associated  with  sexed  adults  imder  the  bark  on  decaying  chestnut 
stumps.  Normally,  but  relatiyely  few  nymphs  of  the  second  form, 
as  compared  to  nymphs  of  the  first  form,  are  present  in  colonies. 

In  another  colony  about  one  dosen  nymphs  of  the  second  form. 
one  of  which  was  molting,  were  found  associated  with  adults  with 
pigmentation  in  yarious  stages  of  development  to  maturity.  A  few 
of  the  latter  with  mature  pigmentation  had  only  one  pair  of  wings 
unfolded,  whereas  others  were  present  with  the  wings  at  the  tips 
still  compactly  folded. 

In  a  near-by  colony,  nymphs  of  the  second  form  that  had  com- 
pleted the  final  molt  were  present  with  sexed  adults,  but  unlike  the 
foregoing  they  are  darker,  some  being  pigmented.  Very  yomig 
lame  were  present  in  the  outer  layers  of  the  wood.  The  acquisi- 
tion of  pigmentation  in  neoteinic  royalty  apparently  is  a  sign  of 
maturity  and  old  age. 

On  May  27,  1912,  40  neoteinic  forms,  for  the  most  part  fertilized 
queens,  together  with  females  in  which  the  abdomen  was  not  great]? 
distended,  were  foxmd  in  the  more  solid  wood  of  a  decaying  chestnut 
slab  on  the  ground.  (PI.  XII,  fig.  2.)  Smaller  forms,  males,  with  the 
abdomen  not  oblong  or  distended  were  present  in  the  colony.  Most 
of  these  forms  were  congregated  in  the  longitudinal  royal  chamber, 
in  which  young  were  also  present.  According  to  Grassi,**  in  case  d 
lucifugus,  "The  colony  must  therefore  rear  fresh  (complementary' 
kings  every  year  [  ?  ],  which  become  matins  in  August  and  Septem- 
ber, fertilize  the  queens,  and  die."  In  colonies  in  Virginia  neoteink 
reproductive  forms  of  flavipes  are  being  developed  from  nymphs  d 
the  second  form  during  April  and  May  and  are  matured  by  May  tc 
June.  In  case  of  virginicus  these  reproductive  forms  are  matured 
by  J\dy  to  August.  There  is  a  seasonal  variation.  There  is  m 
conclusive  evidence  that  the  kings  do  not  Uve  as  long  as  the  queens 
They  are  not  always  present  with  the  queens  in  colonies,  but  b«iii 
so  much  more  active  are  more  likely  to  elude  capture. 

Two  sexed  adults,  a  royal  couple,  were  captiu'ed  by  C.  T.  Greem 
at  Falls  Chiu-ch,  on  November  12,  in  the  frass  in  an  old  burrow  c^ 
PrionoxystiLS  robinix  Peck,  in  the  base  of  a  living  chestnut  tree 
Three  royal  individuals  were  present  in  the  frass,  and  were  locatet 
from  2  to  3  inches  deep  in  the  burrow.  Four  to  six  (at  most)  youa 
were  present,  and,  according  to  Mr.  Greene,  apparently  aU  wen 
workers. 


o  Grafisi,  B.,  and  Sandias,  A.,  op.  cit.,  p.  298. 
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On  November  18,  1912,  two  larval  (ergatoid?)  reproductive  forms 
with  a  yellowish  pigmentation  and  rudimentary  wing  pads  were 
found  in  passages  in  the  ground  imder  a  decayed  stump  at  FaUs 
Church. 

Nymphs  of  the  second  form  greatly  outnimibered  nymphs  of  the 
first  form  in  a  colony  of  flavipes  taken  in  a  decaying  oak  limb  on  the 
ground  on  March  22,  1913,  at  Black  Mountain,  N.  C. 

On  April  17,  1913,  at  Falls  Church,  molting  nymphs  of  the  second 
form  of  flavipes  were  found  together  with  molting  nymphs  of  the 
first  form,  some  of  the  former  of  which  had  already  molted  and 
attained  the  characteristic  yellowish  pigmentation. 

Molting  nymphs  of  the  first  and  second  forms  of  virginicus  were 
found  on  April  30,  1913,  at  Falls  Church,  under  decaying  slabs  of 
wood  on  the  ground. 

Mr.  H.  S.  Barber,  of  the  Bureau  of  Entomology,  on  May  30,  1913, 
on  the  Virginia  shore  of  the  Potomac  River,  opposite  Plummers 
Island,  Md.,  foimd  a  neoteinic  reproductive  form  of  flavipes.  This 
was  a  queen  exceeding  6  millimeters  in  length,  with  wing  buds  and 
17  segments  to  the  antennae.  This  queen  was  associated  with 
workers,  soldiers,  and  young  in  decaying  pine  wood  on  the  ground. 
(PI.  XIV,  ft.) 

On  May  26,  1913,  nine  neoteinic  queens  of  flavipes  with  distended 
abdomens  and  one  king  were  found  near  Charteroak,  Pa.,  in  the 
interior  of  a  decaying  maple  stimip.  Freshly  hatched  yoimg  and 
young  larv»  were  numerous.  The  queens  were  not  in  separate  cells, 
but  were  active  and  associated  with  workers  and  soldiers.     (PL  XV.) 

Mr.  H.  Q.  Barber,  under  the  title  * 'Another  Queen  of  the  White 
Ant  Found,"  states :« 

Wliile  on  a  collecting  excursion  last  Fourth  of  July  with  Mr.  Charles  E.  Sleight,  at 
Lake  Hopatcong,  N.  J.,  I  found  a  small  colony  of  white  ants  beneath  a  small  log 
where  they  had  made  some  tunnels  along  the  ground  beneath  the  log.  Among  the 
individuals  was  captured  a  fully  developed  queen,  which  was  preserved  and  presented 
to  the  local  collection  of  insects,  at  the  American  Mnseimi  of  Natural  History. 

A  large  fertilized  true  queen  and  a  king  of  flavipes  were  found  on 
August  5,  at  Veitch,  Va.,  in  a  large  colony  associated  with  workers, 
soldiers,  and  young  and  several  hundred  unhatched  eggs  in  the 
sound  outer  layers  of  wood,  about  1  inch  in  from  the  exterior,  near 
the  base  of  a  dead  standing  chestnut  tree.  This  tree  had  died  at 
least  two  years  previous,  but  this  may  not  approximate  the  age  of 
the  colony,  since  termites  often  infest  the  bases  of  living  trees  by 
obtaining  entrance  through  old  abandoned  insect  burrows.  The 
king  was  hidden  beneath  the  queen,  which  was  about  14  millimeters 
in  length.     The  antennae  of  the  queen  in  this  instance  were  mutilated 

«  Barber,  H.  G.  Another  queen  of  the  white  ant  foimd.  Jour.  N.  Y.  Ent.  Soc.,  v. 
22,  no.  1,  p.  73,  March,  1914. 
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and  the  workers  and  soldiers  were  very  solicitous.  It  is  evident  that 
the  queen  is  fed  on  food  prepared  by  the  workers,  since  her  abdomen 
became  markedly  shrunken  when  ^e  was  isolated. 

On  August  7,  1913,  another  true  royal  couple  of  this  species  was 
found  near  Chain  Bridge,  Va.,  in  the  interior  of  a  decayed  yellow 
poplar  (tulip  tree)  log  Ijing  on  the  groimd.  The  colony  was  small 
and  the  abdomen  of  the  queen  was  not  fully  distended,  being  more 
flat  than  oblong.     (PI.  XVI,  6,  king.) 

On  August  15,  1913,  at  Falls  Church,  a  young  neoteinic  repro- 
ductive form?  (female)  of  virginicus  was  found  in  an  experimental 
stake  of  decaying  yellow  pine  which  had  been  set  in  the  ground  a 
year  previous.  The  queen  ( ?)  was  of  a  dirty  yellow  color  with  four 
grayish-black  longitudinal  markings  on  the  epicranium,  and  grayish- 
black  markings  between  the  coxae  and  mesothoracic  andmetathoracic 
tergites.  The  length  was  4.5  millimeters.  The  segments  to  the 
antennae  were  mutilated,  one  antenna  having  11  segments.  (PL 
XIV,  a.)     There  was  no  pigmentation  to  the  compound  eyes. 

On  September  17,  1913,  near  Chain  Bridge,  Va.,  numerous  nymphs 
of  the  second  form  of  fiavipes  of  mature  size  were  found  associated 
with  nymphs  of  the  first  form  in  the  sound  heartwood  of  a  decaying 
black  locust  stump.  The  nymphs  of  the  first  form  had  well-de- 
veloped wing  pads. 

On  November  3,  1913,  at  Falls  Church,  nymphs  of  the  second  form 
of  Jlavipes  were  found  associated  with  those  of  the  first  form  in  the 
sound  wood  of  a  decayed  oak  stump  near  the  groimd.  Young  were 
present  in  this  colony. 

In  1914,  on  April  17,  the  first  fully  developed  nymphs  of  the  second 
form  of  Leucotermes  Jlavipes  were  found  in  colonies  at  Falls  Church, 
Va. 

A  large  true  queen  of  Jlavipes  was  found  in  a  decayed  oak  stump 
about  5  feet  high  on  July  17,  1914,  at  Falls  Church.  The  tree  had 
been  dead  for  at  least  three  to  four  years,  and  the  stump  was  about  14 
inches  in  diameter  and  still  had  the  bark  on.  This  queen,  which  was 
oblong  but  somewhat  quadrate — 4  millimeters  in  width — was  Hi 
milUmeters  in  length  (measured  while  alive  *»),  and  in  color  had  a 
sUght  tinge  of  greenish-yellow  or  opaqueness.  The  antennae  had  seg- 
ments missing.  The  colony  was  very  large.  Numerous  eggs  were 
present  in  the  galleries  in  the  decayed  wood,  and  the  queen  was 
foimd  in  an  elUptical  cell  about  2  inches  in  the  wood  from  the  exte- 
rior; the  sides  of  the  cell  were  cleanly  eaten  out.  The  royal  cell  was 
situated  about  1^  feet  above  the  surface  of  the  ground.  The  male 
was  not  found. 

o  The  abdomens  of  queens  become  furtber  elongated  during  the  killing  and  fixing 
process,  and  hence  in  photographs  of  preserved  specimens  there  is  an  apparent  lo* 
in  width. 
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Plate  XV. 


Leucotermes  flavipes. 

a,  Dorml,  6.  ventral,  and  c,  c',  lateral  views  of  abdomen  of  fertilized  njrmphal  neoteinic 
queens,    a  and  c\  Enlarged  7  times;  h  and  c,  enlarged  10  times.    (Original.) 
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Plate  XVI. 
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In  a  near-by  dead  oak  tree  about  1  foot  in  diameter,  which  had 
been  dead  probably  for  two  years,  another  true  queen  of  this  species 
was  found  on  the  same  day.  This  queen  was  oblong  and  approxi- 
mately 12i  millimeters  in  length  (measured  while  living).  The  royal 
cell  was  in  the  decayed  wood  about  one-half  inch  from  the  exterior 
at  the  base  of  the  tree  near  the  roots.  The  colony  was  large  in  num- 
bers. Hundreds  of  eggs  in  clusters  were  in  shallow  galleries  imder  the 
bark.  The  male  was  not  found.  Sometimes  eggs  in  large  clusters 
were  found  in  deep,  transverse,  conical  ledges  or  notches,  attended 
by  workers. 

When  the  royal  cell  is  cut  into  and  the  queen  removed,  the  large 
number  of  attending  soldiers  and  workers  become  very  much  ex- 
citedy  as  evidenced  by  constant  convulsive  movements  or  sudden 
jerking  of  the  whole  body. 

In  this  same  woodland,  on  July  20,  four  neoteinic  queens  of 
flavipea  were  found  in  the  more  solid  wood  of  a  low  (the  wood  above 
groimd  being  nearly  disintegrated)  decayed  oak  stump,  near  the 
surface  of  the  ground.  One  queen  was  of  the  normal  neoteinic  type, 
developed  from  a  nymph  of  the  second  form,  being  9  millimeters  in 
length,  with  wing  pads  present.  The  compound  eyes  were  pig- 
mented, and  the  antennae  consisted  of  16  segments.  'Hie  other  three 
neoteinic  queens  were  of  a  type  not  previously  foxmd  in  colonies  by 
the  writer.  These  queens,  of  a  straw-colored  pigmentation,  were 
7,  6,  and  5  millimeters  in  length  (measured  while  alive),  respectively. 
In  shape  the  abdomens  are  oblong  quadrate,  like  those  of  the  true 
queens.  The  antennss  comprise  15  segments,  which  have  a  tinge  of 
grayish-brown  pigmentation  to  the  dorsal  surface.  No  wing-pads  or 
rudimentary  buds  are  present.  The  compoxmd  eyes  are  without 
pigmentation.  The  head,  thoracic  segments,  and  tergal  and  sternal 
*'nota"  (chitinized  tergal  and  sternal  areas)  are  not  as  broad  as  in 
neoteinic  reproductive  forms  developed  from  nymphs  of  the  second 
form.  In  these  larval  queens,  as  in  true  queens,  the  segments  of  the 
abdomen  are  less  projecting  than  in  normal  neoteinic  queens,  and  the 
"nota"  are  less  semicircular.  The  mouth  parts  and  legs  are  also  less 
gross  in  structure.  Indeed,  these  queens  more  nearly  approach  the 
true  queens  as  to  these  points.  (PI.  XIV,  c.)  They  were  prob- 
ably developed  from  larvae  of  the  sexed  forms.  The  outHne  of  rows 
of  numerous  eggs  in  various  stages  of  development  could  be  seen 
through  the  body  tissue  imder  a  high-power  Zeiss  binocular.  The 
body  tissue  of  normal  neoteinic  queens  is  coarser  and  thicker.  This 
is  the  first  time  that  reproductive  forms  of  apparently  different  types 
have  been  foxmd  in  the  same  colony  of  this  species.  The  colony  of 
termites  in  which  these  queens  were  foimd  was  small  in  numbers. 

All  the  queens  foimd  by  the  writer  in  July,  1914,  at  Falls  Church 
were  captm^d  within  an  area  of  groimd  less  than  an  acre  in  extent. 


Digitized  by 


Google 


64  INSECTS  INJURIOUS   TO   FOBESTS. 

It  is  beKeved  that  the  spread  or  distribution  of  a  colony  may  be 
largely  dependent  on  the  supply  of  decaying  wood  near  by;  that  is, 
if  there  is  a  large  amoimt  near  by  (as  colonies  in  large  dead  trees)  the 
colony  will  not  branch  out  over  a  large  area. 

On  August  5,  1914,  at  Falls  Chiux^h,  a  true  royal  pair  o{  favipes 
was  found  in  a  cell  in  the  more  solid  wood  of  a  decaying  oak  chopping 
block,  that  is,  a  section  of  a  log  that  had  been  put  to  this  use  in  the 
woods.  The  cell  was  in  a  knotty  area  of  solid  wood  about  H  feet 
from  the  ground  but  in  the  outer  layers.  The  king  was  hiding 
beneath  the  queen,  and  is  6  millimeters  in  length.  The  abdomen  is 
distended  and  the  antennsB  mutilated.  The  queen  was  of  large  size 
(probably  10  to  12  millimeters  in  length)  but  was  crushed  in  cutting 
into  the  royal  celL  The  colony  was  large,  and  galleries  extended  from 
the  groimd  up  through  this  block  and  another  similar  block  placed  on 
top  of  it.  The  termites  had  filled  in  the  crevices  between  the  two 
blocks  with  clay,  and  larv«,  pupae,  and  adults  of  Homovdlgus  aqaa- 
miger  Beauvois,  a  scarabaeid  beetle,  were  present  in  the  termite 
galleries  in  the  clay  or  in  pupal  cells. 

In  the  same  woods  several  young  royal  pairs  of  Jlavipes  were  found 
established  in  incipient  colonics  in  the  outer  layers  of  a  decaying 
chestnut  slab  partially  sunken  in  the  ground.  Each  pair  was  in  a 
shallow  cell  excavated  in  the  wood  and  was  siuroimded  by  a  few 
young  larvae  (a  half  dozen  to  a  dozen).  A  few  unhatched  e^s  were 
present  in  some  of  the  cells.  In  one  of  the  ceUs  three  adults  were 
present  instead  of  simply  one  pair.  This  is  quite  often  the  case  in 
incipient  colonies. 

At  Veitch,  Va.,  on  August  12,  eight  neoteinic  reproductive  forms 
of  Jlavipes  were  found  in  a  decaying  yellow  pine  stump.  They  were 
in  the  more  solid  wood  about  1  foot  from  the  ground,  but  in  the 
outer  layers.  Five  were  females  and  three  were  males  or  kings. 
The  females  were  all  about  7  millimeters  in  length,  with  abdomens 
distended  with  eggs,  but  with  the  segments  not  markedly  separated 
except  near  the  end  of  the  abdomen,  where  the  latter  was  lumpy  and 
distorted,  due  to  distension.  The  males,  with  narrow,  slender  abdo- 
mens, were  all  about  6^  millimeters  in  length,  but  had,  instead  of  the 
straw-colored  pigmentation  of  the  females,  a  darker  pigmentation 
streaked  with  grayish-black  markings  on  the  head  and  borders  of 
the  tergites  and  sternites  and  between  the  coxae  and  the  mesothoracic 
and  metathoracic  tergites.  The  antennae  of  these  reproductive 
forms  consisted  of  16  to  17  segments.  These  forms  were  developed 
from  nymphs  of  the  second  form.  The  colony  was  not  very  large, 
but  numerous  unhatched  eggs  and  young  larvae  were  present. 

At  Lake  Toxaway,  N.  C,  on  August  27,  1914,  an  ergatoid  queen 
of  Leucotermes  virginicas  was  found  under  a  large  flat  rock  in  a  shallow 
cell  in  the  earth.     Workers,  soldiers,   and  young  were  aggregated 
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under  the  stone,  but  the  colony  was  not  large.  This  queen  had  no 
trace  of  wing  pads  or  pigmentation  to  the  compound  eyes,  if  present. 
The  abdomen  is  oblong-ovate,  being  distended;  its  length  is  5  millime- 
ters. The  antennse  are  mutilated.  Workers  and  soldiers  surroimding 
the  queen  ran  up  and  touched  her  with  the  antenn»  and  then  evi- 
denced excitement  and  alarm  by  the  convulsive  jerking  of  the  body 
backward  and  forward. 

This  locality  is  a  wooded,  rocky  hillside  at  an  elevation  of  about 
3,400  feet  above  sea  leveL  There  had  been  surface  fires  through  the 
forest.  It  was  noted  that  termite  colonies  were  unusually  abundant 
in  the  earth  imder  stones  in  this  locality,  which  is  apparently  the  case 
as  the  higher  elevations  are  reached. 

On  September  15,  1914,  near  Chain  Bridge,  Va.,  well-developed 
nymphs  of  both  the  first  and  second  forms  of  Jlavipes  were  foimd  in  a 
colony  in  the  more  solid  wood  of  a  decaying  chestnut  stump.  There 
is  an  annual  seasonal  variation  in  the  degree  of  development  the 
nymphs  of  the  first  form  have  attained  by  late  fall;  sometimes  the 
wing  pads  are  long  and  the  nymphs  apparently  nearly  mature;  in 
other  years  in  March  these  nymphs  will  still  have  comparatively  short 
wing  pads.  There  is  sometimes  also  a  variation  in  the  diflferent 
colonies. 

DESCRIPTION   OF  THE   REPRODUCTIVE   FORMS. 

As  has  been  previously  stated,  the  abdomens  of  both  the  young 
queen  and  male  increase  slightly  in  size  and  become  distended  after 
swarming.  The  abdomen  of  queens  (flavipes)  that  had  laid  eggs 
during  July,  in  January  (9  months  after  swarming)  were  oblong  and 
somewhat  distended,  the  segments  of  the  abdomen  being  slightly 
separated  and  showing  white  tissue  between.  The  queens  are  dark 
castaneous  in  color  and  the  males  more  blackish.  The  legs,  tarsi, 
and  tibiae  are  markedly  light  yellowish  in  color  in  both  sexes.  After 
the  swarming  the  abdomens  of  the  males  become  only  slightly  dis- 
tended. 

The  gradual  distension  of  the  abdomen  of  the  queen,  brought 
about  by  ovarian  development,  necessitates  the  separation  of  the  ab- 
dominal tergites  and  sternites,  and  the  connecting  tissue  between  the 
abdominal  tergites,  pleurites,  and  sternites  becomes  remarkably  dis- 
tended, or  more  probably,  according  to  Hagen,*  as  stated  by  Riley, 
there  is  actually  further  growth  after  the  insect  has  reached  the 
imaginal  stage.  It  may  be  noticed  from  the  illustration  of  the  true 
queen  found  by  the  writer  on  August  12,  1911  (PI.  XIII,  6),  that 
there  are  two  brownish  scars  located  on  the  pleural  tissue  on  the  right 
side  of  the  abdomen.     These  were  not  noticed  imtil  the  queen  was 

o  Riley,  C.  V.  Termites,  or  white  ants.  Proc.  Biol.  Soc.  Wash.,  v.  9,  pp.  31-36, 
Apr.,  1894. 
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removed  from  the  cell,  and  were  probably  due  to  injury  recmved  in 
shipment,  as  the  queen  was  not  tfJcen  from  the  royal  cell,  but  a  small 
block  of  wood  was  cut  out  of  the  pole,  the  whole  having  been  placed 
in  a  vial  of  alcohol.  The  queen  was  partly  out  of  the  cell  and  the 
scars  were  probably  due  to  abrasions  by  small  fragments  of  jagged, 
projecting  wood.  This  is  stated  in  detail,  because  it  might  be 
thought  that  the  wounds  were  ' 'battle  scars." 

Attached  to  the  meso thorax  and  metathorax  in  true  queens  are 
the  stubs  of  wings,  lost  at  the  time  of  swarming.  The  head,  thorax, 
and  scutellar  area  (''  nota")  of  the  abdominal  s^ments  of  true  queens 
are  more  heavily  chitinized  and  more  deeply  pigmented  with  casta- 
neous  brown  than  in  the  neoteinic  queens,  developed  from  nymphs 
of  the  second  form,  which  are  straw-colored  (PI.  XHI,  a);  conse- 
quently, the  nonfunctional  eyes  and  ocelli  are  not  so  prominent  in 
neoteinic  queens,  which  never  develop  wings  and  which  always«(?) 
remain  in  the  parent  colony.  The  head,  thoracic  tergites,  and  ab- 
dominal tergites  and  sternites  are  both  longer  and  broader  than  in 
the  true  queens,  which  same  differences  are  apparent  in  the  nymphs. 
(PL  VIII.)  In  true  queens  the  mesothoracic  and  metathoracic  ter- 
gites have  a  distinctively  irregular  shf^.  The  chitinized  '^nota"  of 
the  abdominal  tergites  and  sternites  more  markedly  approach  the 
semicircular  in  shape  and  are  much  more  projecting  in  neoteinic 
queens  developed  from  nymphs  of  the  second  form.  However,  in 
younger  (smaller)  true  queens  (Jlavipes  and  lucifugus)  the  tergites 
and  sternites  are  slightly  more  projecting  than  in  older  queens. 
Furthermore,  the  legs  are  more  slender  and  the  mouth  parts  slightly 
smaller  (less  gross)  in  true  quewis.  The  mesothorax  and  metathorax 
and  pigmented,  chitinized  *'nota''  have  a  distinctive  shape  in  the 
neoteinic  larval  queens.     (PI.  XIV,  c.) 

In  matured  true  queens  (of  both  Jlavipes  and  lucifagus)  ribbons  of 
parallel  ovules  of  various  sizes  and  stages  of  development  are  visible 
(under  high-power  Zeiss  binocular)  through  the  tissue  of  the  abdo- 
men, where  there  are  no  deposits  of  fat.  Sections  through  the  body 
show  an  enormous  ovary  development,  with  ribbons  of  ovules  in 
progressive  stages  of  development.  In  a  lateral  or  dorsal  view  of  the 
abdomen  of  the  true  queen,  small,  round  spiracles  can  be  seen,  set 
in  at  the  base  of  the  lateral  slope  of  the  tergites.  (Fig.  13,  a  and  c.) 
The  spiraclas  are  approximately  similarly  placed  on  queens  of  spe- 
cies in  the  genera  Calotermes  Ilagen,  Termopsis  Heer,  and  Eutermes 
Fr.  Miiller.  In  some  tropical  species,  as  in  Termes  leUicosuSf  the 
spiracles  are  located  in  the  pleural  tissue  of  queens  with  enormously 

a  It  may  be  possible  that  siibcolonies  or  offshoots  of  large  old  colonies  are  estab- 
lished by  these  mobile  queens  and  workers  and  soldiers  by  means  of  subterranean 
passages  to  decaying  wood. 
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distended  abdomens,  an  indication  of  displacement  by  actual  post- 
adult  growth  ( ?).  In  tropical  species  of  Eutermes  the  enonnous  de- 
velopment of  the  ovaries  in  old  queens  crowds  the  digestive  and  ex- 
cretory organs  to  the  ventral  surface  of  the  abdomen. 

Situated  on  the  vertex  of  the  epicranium  is  a  small  depression 
.which  appears  as  a  rather  prominent  white  spot;  under  the  biiM>cular 
microscope,  in  workers,  nymphs,  and  neoteinic  royal  individuals  of 
Jlavipes.  This  depression,  slightly  larger  in  diameter  than  an  ocellus, 
is  also  present  in  the  soldiers  and  in  colonizing  individuals.  This 
is  the  '^retrocerebral  gland"*  mentioned  by  Qrassi,^  as  a  ^**  *  * 
[gland  of  unknown  fimction/'  [existing  in  ludfagua] "  (only  ?)  in  the 
nymph  of  the  first  form, 
the  perfect  insect,  and 
the  soldier.  It  elimi- 
nates a  transparent  se- 
cretion which  can  be 
squirted  out  for  some 
distance."] 

While  the  abdomens 
of  neoteinic  queens  ap- 
parently never  become 
as  elongate  as  in  true 
queens,  they  become  as 
much  distended,  but 
have  not  the  oblong  or 
quadrate  shape,  being 
more  oval,  or  wider 
near  the  end  of  the  ab- 
domen, which  tapers 
markedly.  At  the  end 
of  the  abdomen  of  true 
queens  the  chitinized 
parts  are  more  compressed  or  fused  than  in  the  neoteinic  forms. 

Fertilized,  neoteinic  queens,  developed  from  nymphs  of  the  second 
form,  range  in  length  from  9*  to  12  millimeters.  The  males  are  of  the 
same  length  as  the  nymphs  from  which  they  develop;  their  abdomens 
are  compressed  laterally  and  taper  toward  the  end,  and  ''therefore 
seem  to  have  a  more  narrow  ridged  back''  (Odenbach). 

Neoteinic  or  supplementary  royal  individuals  are  obtained  from  an 
arrested  early  stage  in  the  development  of  the  nymphs  of  the  first 

o  Homologous  to  the  small  head  gland  of  worker-like  larvae  of  Eutermes,  which  lar- 
V8e  develop  to  nasuti,  with  a  nose-like  process  (?). 
h  Graasi,  B.,  and  Sandias,  A.    Op.  cit.,  p.  317. 


a  6  ^ 

FiQ.lZ.—Leucotermaflavipea:  Fertilized,  true  queen;  dorsal  (o),  ven- 
tral (jb)f  and  lateral  (c)  views  of  abdomen.  Drawn  from  specimen 
preserved  for  three  years  in  alcohol.  Note  position  of  spiracles. 
(Original.) 
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form,  or  even  larvae,  as  young  are  kept  in  an  undifferentiated  state, 
which  can  be  speedily  turned  into  reproductive  forms  that  serve  as 
substitutes.  Fritz  MOUer^  compares  the  modes  of  diffusion  and  re- 
production to  those  of  plants  which  continue  the  species  by  means  of 
cleistogamic  as  well  as  perfect  flowers,  the  neoteinic  forms  correspond- 
ing to  the  cleistogamic  flowers  which  are  supplementary,  emei^ncy 
forms  for  use  in  case  the  perfect  flowers  (or  winged  colonizing  forms) 
should  fail.  The  winged  forms  would  furnish  a  possible,  but  not 
probable,  escape  from  interbreeding,  since,  usually,  males  and  females 
from  the  same  colony  pair.  Neoteinic  supplementary  forms  are  pro- 
duced not  only  to  counterbalance  the  loss  of  true  royalty  but  also 
for  the  purpose  of  extending  the  colony. 

DATES  OF  THE  SWABHINa  OF  LEXTCOTEBJCES. 

Colonizing  individuals  of  Leucotermes  Jlavipes  usually  swarm  in 
the  forenoon  during  the  first  part  of  April  and  May  in  the  southern  part 
of  the  eastern  United  States.  Farther  north  the  swarm  occurs  later^ 
usually  the  last  of  May  or  early  June.  Hagen  ^  mentions  an  excep- 
tionally large  swarm  which  occurred  in  Massachusetts.  The  sexed 
adults  normally  emerge  earUer  in  infested  buildings.  According  to 
E.  A.  Schwarz,  sexed  adults  swarmed  from  infested  beams  in  the 
floor  in  the  basement  of  the  old  United  States  National  Museum  on 
March  15,  1883,  the  second  year  after  the  opening  of  the  museum. 
The  following  year  they  swarmed  during  the  latter  part  of  March. 

On  April  16,  1910,  sexed  adults,  possibly  from  the  same  colony, 
swarmed  from  crevices  between  the  bricks  in  the  sidewalk  opposite 
the  old  National  Museum. 

On  March  30,  1908,  sexed  adults  came  up  through  cracks  in  the 
floor  in  a  building  at  Philadelphia,  Pa. 

Mr.  Schwarz  states,  in  an  article  entitled  '*  Termitid«e  Observed  in 
Southwestern  Texas  in  1895'':  ^^ 

Termes  Jlavipes  Kol. — Common  throughout  southwestern  Texas  and  very  destructive 
to  woodwork  in  houses.  An  immense  swarm  of  winged  individuals  [lucifugxjisf\ 
issued  from  several  houses  at  San  Diego  [Tex.],  on  October  25.  I  waa  informed  thai 
in  early  spring  another  flight  takes  place  in  buildings  inf^ted  by  termites  [flavipe9t\ 
Wliat  appears  to  be  the  same  species  is  also  common  in  sticks  and  branches  lying  on 
the  ground  in  the  chaparral,  but  I  failed  to  get  the  winged  form  from  such  situations. 


o  M tiller,  Fritz.  Beitrage  zur  Kenntniss  der  Termiten.  III.  Die  Nymphen  mit 
kurzen  Flugelscheiden  (Hagen),  ^'nymphes  de  la  deuxi^me  forme"  (Lesp^).  Ein 
Sultan  in  seinem  Harem.  Jenaische  Ztschr.,  Bd.  7,  Heft  4,  p.  451-463,  figs.  3,  Novem- 
ber 18, 1873. 

&  Hagen,  H.  Some  remarks  upon  white  ant«,  Proc.  Boston  Soc.  Nat.  Hist.,  vol. 
20,  p.  121-124,  December  4,  1878. 

c  Proc.  Ent.  Soc.  Wash.,  vol.  4,  no.  1,  p.  38-42,  November  5,  1896.    See  p.  38. 
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W.  D.  Hunter  states  «: 

Termes  flavipes  K.  is  not  uncommon  in  Texas,  where  swanns  occur  ordinarily 
during  the  early  part  of  the  season.  In  1911,  however,  the  insect  did  not  come  into 
notice  until  about  the  middle  of  October  [IvLcifugusf].  At  that  time  much  more  than 
usual  numbers  were  to  be  seen  throughout  the  State. 

Often  several  swarms  emerge  from  the  same  colony  in  the  same 
year.  At  McDonogh,  Md.,  in  April,  1913,  according  to  a  correspond- 
ent, sexed  adults  swarmed  from  the  woodwork  of  a  house,  the  beams 
being  honeycombed.  A  very  large  swarm  issued  on  April  6,  another 
on  April  13,  a  third  on  April  18,  and  a  fourth  swarm  issued  April  25, 
comprising  in  all  four  distinct  swarms.  In  size,  however,  the  first 
swarm,  from  my  observations,  is  usually  the  largest.     (Fig.  12.) 

Leacotermes  virginicus  swarms  during  the  forenoon  in  the  vicinity 
of  Washington,  D.  C,  usually  one  month  later  than  Jlavipes,  or  in 
early  June.  However,  on  August  11,  1913,  at  FaUs  Church,  Mr. 
William  Middleton  observed  a  large  swarm  to  emerge  from  a  small 
chestnut  corner  stake  which  was  set  in  the  ground.  The  colony, 
which  was  not  large,  swarmed  at  12.30  p.  m. 

Leucotermes  ludfugus,  according  to  Heath,''  swarms  '<*  *  * 
at  different  times  between  the  months  of  October  and  April  *  *  *.' ' 
*'It  usually  takes  place  about  11a.  m." 

During  the  early  part  of  May,  1909,  sexed  adults  of  Leucotermes 
sp.  (probably  ^mp65)  were  observed  by  the  writer  emerging  in  great 
numbers  from  the  ground  in  the  fenced  yard  of  an  old  house  located 
in  a  pine  grove  near  Woodville,  Tyler  County,  Tex.  The  swarm 
occurred  in  the  forenoon  of  a  warm,  sunny  day. 

The  following  notes  were  made  by  members  of  the  branch  of 
Southern  Field  Crop  Insect  Investigations,  in  charge  of  Mr.  W.  D. 
Hunter: 

On  September  12, 1910,  a  light  shower  fell,  and  before  the  rain  had  entirely  stopped 
the  air  was  full  of  flying  termites;  this  lasted  one  hour.  On  December  16,  1910,  there 
•was  a  swarm  [hidfugus]  at  Dallas,  Tex. "  After  a  rain  at  Dallas,  October  13,  1911,  there 
was  a  swarm;  another,  rain  brought  them  out  on  October  16,  1911.  On  October  18, 
1912,  there  were  swarms  of  termites  at  Dallas,  following  a  two-day's  rain. 

It  will  be  seen  from  the  foregoing  that  rehance,  in  the  determination 
of  species,  can  be  placed  on  the  dates  of  swarming,  since  the  species 
Jlcmpes  never  swarms  in  the  faU  in  the  eastern  United  States. 
Apparently  rainfall  has  no  influence  on  the  time  of  swarming,  as  is 
the  case  in  Texas. 

«  Hunter,  W.  D.     Some  notes  on  insect  abundance  in  Texas  in  1911.    Proc.  Ent. 
See.  Wash.,  vol.  14,  no.  2,  p.  62-66,  June  19,  1912.    See  p.  63. 
b  Op.  cit.,  p.  52. 
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A880CIATI0H  WITH  A1TT8. 

Grassi  •  and  Escherich  *  have  given  interesting  accounts  of  the  rela- 
tions between  termites  and  ants.  S.  A.  Forbes  ^  states  that^tnpe^ 
has  been  found  associated  with  Formica  scha/ajuasi  Mayr.  H.  C. 
McCook**  states  thaX  Jlavipes  occurring  under  stones  in  the  neighbor- 
hood of  the  Alleghenies  were  seized  and  carried  oflf  by  the  mound  build- 
ing ants  (Formica  exsedoides  Forel)  when  disturbed.  J.  C.  Branner  « 
refers  to  the  common  ants  as  being  enemies  of  the  termites.  King  f 
has  noted  the  association  of  termites  with  ants.  The  following  brief 
notes  have  been  made  while  investigating  damage  by  termites  to  trees 
and  forest  products: 

Termites  and  ants  are  comnionly  to  be  found  inhabiting  the  same 
log  or  stump,  yet  ants  are  the  enemies  most  to  be  feared  by  termites, 
as  they  will  capture  and  carry  away  the  members  of  a  disorganized 
colony.  Ordinarily  the  relations  between  termites  and  ants  seem 
to  be  neighborly  and  peaceful.  If  the  termite  colony  is  opened 
up  and  disorganized,  the  ants  at  once  take  advantage  of  the  oppor- 
tunity and  carry  away  the  termites,  which  oflfer  but  little  resistance. 
Ants  of  several  species  may  be  attracted  to  such  a  helpless  colony 
from  a  distance.  The  soft-bodied  soldiers  are  apparently  not  very 
effective  in  such  emergencies,  although  in  the  narrow  channels  of 
the  colony,  where  the  powerful  head  with  open  mandibles  is  the  only 
front  presented  to  the  marauding  ants,  they  afford  some  protection 
to  the  colony. 

Two  species  of  carpenter  ants  {CamponotiLS  pennsylvanicus  Mayr 
and  Cremastogaster  lineolata  Say^)  are  the  ants  which  more  com- 
monly have  been  found  associated  with  termites  in  the  eastern 
United  States.  The  latter  species,  due  to  its  small  size  and  rapidity 
of  movement,  is  a  most  formidable  enemy. 

Ants  greatly  diminish  the  number  of  the  colonizing  individuals  at 
the  time  of  the  swarm,  carrying  them  away  as  they  are  running 
about  on  the  ground.  Soldiers  and  workers  guard  the  breaches  from 
which  the  sexed  adults  have  emerged^  possibly  to  keep  the  greedy 
ants  from  following  their  prey  to  the  parent  nest. 

a  Grassi,  B.,  and  Sandias,  A.    Op.  cit.,  p.  282-283. 

&  Escherich,  K.  Die  Termiteii  oder  weissen  Ameisen.  Eine  biologische  Studie, 
p.  122-126,  Leipzig,  1909. 

c  Forbes,  S.  A.  Nineteenth  Report  of  the  State  Entomologist  on  the  Noxious  and 
Beneficial  Insects  of  the  State  of  Illinois,  p.  198,  Springfield,  111.,  1895.  The  white 
ant  in  Illinois  (Termes  flam  pes  ^  Kollar),  p.  190-204. 

^  McCook,  H.  C.  Note  on  mound-making  ants.  Proc.  Acad.  Nat.  Sci.  Phila.  for 
1879,  p.  154-156,  August  12,  1879. 

«  Branner,  J.  C.  Geologic  work  of  ants  in  tropical  America.  Bui.  Geol.  Sec. 
Amer.,  v.  21,  p.  449-496,  figs.  11,  pi.  35,  August  20,  1910.    See  p.  478-479. 

/  Loc.  cit. 

0  Identu  3d  by  Mr.  Theodore  Pergande,  of  the  Biu-eau  of  Entomology. 
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TEBJOTOFHIL0178  INSBCTS. 

The  presence  of  termitophilous  insects  or  "guests^'  in  colonies  of 
Leucotermes  flavipea  in  the  United  States  has  been  recorded  by- 
several  writers  on  temiites.  Mr.  E.  A.  Schwarz*  has  published  an 
extensive  list  of  Coleoptera  associated  with  flavipes.  Inquilines,  or 
guests,  are  found  only  in  permanent  colonies  and,  as  brought  out 
by  Mr.  Schwarz,^  might  be  of  importance  in  establishing  the  original 
habitat  of  a  species;  that  is,  if  a  termite  species  had  peculiar  inqui- 
lines (guests  that  do  not  occur  among  other  species  of  termites)  in  one 
country  and  none  in  another,  it  would  indicate  that  the  termite 
species  was  native  to  the  country  where  the  inquilines  occur  in  its 
colonies.  Mr.  H.  G.  Hubbard  found  the  staphylinid  beetles  Tri- 
chopsenius  and  Anacyptus  in  a  colony  with  supplementary  royalty, 
April  20,  1882,  near  Crescent  City,  Fla.  He  also  found  peculiar 
wingless  psocids  which  resemble  young  termites  in  a  colony  of  the 
latter,  near  Haw  Creek,  Fla.,  March  26,  1895.  The  note  in  his  field 
diary  reads: 

Termitophilous  psocid  found  with  termites  in  large  log  of  pine,  swampy  hummock 
3f  Prairie  Farm.  Several  specimens  in  alcohol,  together  with  worker  of  termite. 
*  *  *  The  resemblance  to  a  young  termite  is  perfect,  especially  in  mature  speci- 
naens.  ♦  *  *  The  psocid  is,  however,  much  more  active  than  the  termite  and  very 
iifficult  to  capture.  Immature  specimens  were  not  rare.  *  *  *  The  immature 
specimens  inhabit  the  galleries  of  the  termites,  but  are  not  so  apt  to  be  found  among 
fhe  termites  as  in  their  immediate  vicinity. 

King  *  records  three  inquilinous  staphylinid  beetles  as  associated 
wdth  Jlavipes,  PhUotermes  pUosus  Kra&tz,  Homalota  sp.,  and  Tachy- 
9oru8  J0C08U8  Say. 

All  stages  of  small  scarabaeids,  Homovdlgua  squamiger  Beauvois  and 
Valgus  mncUiculaivs  Fabricius,  are  commonly  found  associated  with 
termites  in  decaying  wood  in  Maryland,  Virginia,  West  Virginia,  and 
^orth  Carolina,  and  are  probably  truly  inquilinous.  From  the  mid- 
lie  of  July,  1914,  prepupal  larvae  and  pupae  of  Homovalgua  squamiger 
vere  commonly  found  in  decaying  wood  infested  by  termites  and  in 
he  galleries  of  termites  in  Virginia.  Adults  of  this  beetle  begin  to 
aature  about  the  middle  of  August.  The  larvae  construct  oval  pupal 
tells  in  the  decayed  wood  or  make  them  of  earth;  the  interior  is 
mooth  and  glossy.     This  beetle  is  probably  a  true  inquiline. 

a  Schwarz,  E.  A.  Termitophilous  Coleoptera  found  in  North  America.  Proc. 
Jut.  Soc.  Wash.,  vol.  1,  no.  3,  p.  160-161,  March  30,  1889. 

Schwarz.  E.  A.  Additions  to  the  lists  of  North  American  termitophilous  and 
lyrmecophilous  Coleoptera.  Proc.  Ent.  Soc.  Wash.,  vol.  3,  no.  2,  p.  73-78,  January 
,  1895. 

&  Schwarz,  E.  A.  Termitidse  observed  in  southwestern  Texas  in  1895.  Proc.  Ent. 
oc.  Wash.,  vol.  4,  no.  1,  p.  38-42,  November  5,  1896. 

c  Op.  cit.,  p.  196. 

62896*^— Bull.  94,  pt  2—15 5 
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Beetles  of  the  family  Pselaphid»  are  frequently  found  in  decaying 
wood  near  termite  nests,  and  some  are  known  to  be  their  guests. 
Adults  of  Tmesiphorus  carinatus  Say  *  were  found  in  decaying  wood 
in  which  colonies  of  Jlavipes  were  present  at  Falls  Church  on  March 
18,  1912.  Mr.  E.  A.  Schwarz  has  included  this  species  in  his  list  of 
myrmecophilous  beetles  as  *'  often  found  among  ants  of  various  spe- 
cies.'' *  Adults  of  Batrisus  virginm  Casey  «  were  found  in  decaying 
wood  infested  with  lirginicus  on  the  same  day. 

Adults  of  the  staphylinid,  PhUotermes  pennsylvanicus  Kraatz**  were 
collected  with  Jlavipes  near  Kane,  111.,  August  11,  1911,  in  the  butt 
of  a  decaying  white  cedar  telegraph  pole.  The  species  is  a  true 
inquiline,  and  the  beetles  are  very  active.  On  August  16,  1913,  near 
Chain  Bridge,  Va.,  an  adult  of  PhUotermes  sp.  (possibly  fuchsii 
Ej*aatz)  (determined  by  Mr.  H.  S.  Barber  of  the  Bureau  of  Entomology) 
was  found  in  a  colony  of  virginicus,  Blatchley  *^  records  PhUotermes 
pUosus  Era&tz  and  P.  fuchsii  Kraatz  in  the  nests  of  Jlavipes  in 
Indiana. 

PABA8ITBS. 

Termites  are  infested  externally  with  mites  and  internally  with 
protozoan  parasites,  but  no  internal  or  external  feeding  insect  para- 
sites have  been  recorded  by  Leidy,**  Grassi,*  or  Porter.-^  Grassi 
states  that  the  presence  of  these  protozoa  in  the  intestine  retards  sex- 
ual development,  as  evidenced  in  the  case  of  workers  and  soldiers. 
He  further  states  that  they  are  normally  absent  in  the  reproductive 
forms  and  newly  hatched  larvae. 

STTMKABY    AND    CONCLUSIONS    BASED    ON    THE    BESXTLT8    OF 
THE  EZFEBQCENTS. 

The  following  conclusions  are  based  on  observations  of  colonies  in 
the  termitarium,  colonies  in  small  tin  boxes,  and  other  colonies  in 
the  forest  at  Falls  Church. 

Colonizing  individuals  of  both  sexes  swarm  together  from  colonies 
of  Leucotermes  flainpes  and  L.  virginicits  from  about  11  a.  m.  to  1 
p.  m.,  the  length  of  time  occupied  by  the  adults  in  emerging  being 
about  one  hour.     No  evidence  of  the  separate  swarming  of  the  sexes 

a  Identified  by  Mr.  E.  A.  Schwarz. 

ft  Schwarz,  E.  A.  Myrmecophilous  Coleoptera,  found  in  temperate  North  America, 
Proc.  Ent.  Soc.  Wash.,  v.  1,  No.  4,  p.  237-247,  May  15,  1890. 

c  Blatchley,  W.  S.  The  Coleoptera  or  beetles  of  Indiana,  p.  343-344,  IndianapolLs 
1910. 

<*  Leidy,  J.  On  intestinal  parasites  of  Termes  flavipts.  Proc.  Acad.  Nat.  Sci. 
Phila.  [v.  29]  for  1877,  p.  14&-149,  June  26,  1877. 

Leidy,  J.  The  parasites  of  the  termites.  Jour.  Acad.  Nat.  Sci.  Phila.,  ser.  2,  v.  8, 
p.  425^47,  pis.  51-52,  February,  1881. 

«  Graffri,  B.,  and  Sandias,  A.     Op.  cit.,  p.  11-13. 

/  Porter,  J.  F.  Trichonympha  and  other  parasites  of  Termes  Jlavipes.  Bui.  Mu5. 
Comp.  Zool.,  V.  31,  no.  3,  p.  45-68,  pis.  6,  October,  1897. 
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or  seasonal  dimorphism  has  been  observed.  However,  all  the  indi- 
viduals do  not  necessarily  emerge  from  the  same  colony  at  the  same 
time,  since  there  may  be  several  swarms  from  the  same  nest.  On 
May  14,  1912,  at  Falls  Church  sexed  adults  of  Jlavipes  emerged, 
although  not  in  great  numbers,  from  colonies,  whereas  there  was 
evidence,  by  the  discarded  wings  on  the  ground,  of  an  earUer  swarm. 
Most  of  the  colonizing  individuals  had  swarmed  from  other  colonies 
on  May  8;  yet  some  individuals,  not  in  the  enormous  numbers  of 
the  first  swarm,  were  observed  swarming  from  the  same  colonies  on 
May  14.  While  there  may  be  as  many  as  four  swarms,  the  first  is 
usually  the  largest.  This  may  be  explained  by  the  fact  that  there 
is  an  uneven  development  of  individuals.  Indeed,  a  few  retarded, 
winged,  sexed  adults  (virginicus)  may  remain  in  the  colony  till  July 
24  (near  Kane,  111.)  and  early  August  (District  of  Columbia)  or  be 
found,  as  individuals,  flying.  A  large  swarm  of  virginicua  has 
emerged  from  a  colony  as  late  as  August  11,  1913,  at  Falls  Church. 

The  winged  insects  usually  crawl  up  to  some  elevated  place  before 
taking  flight.  There  is  an  enormous  mortaUty  of  the  colonizing 
individuals,  and  insectivorous  animals  destroy  them  in  great  num- 
bers.    The  swarm  is  not  a  *' nuptial  flight." 

The  so-called  ''amatory  passages''  possess  a  sexual  significance, 
and  there  is  a  mutual  attraction  between  the  sexes  several  days 
before  the  normal  period  of  swarming.  This  can  be  observed  if  the 
colony  is  disturbed  a^gd  the  colonizing  forms  emerge  prematurely,  and 
is  evidenced  even  before  the  loss  of  the  wings.  This  attraction, 
probably  due  to  some  secretion,  continues  till  after  the  royal  pair  is 
established  in  the  royal  cell  and  copulation  has  taken  place.  Copula- 
tion probably  occurs  a  week  after  the  swarm  of  Jlavipes;  that  is,  on 
May  15  adults  that  had  swarmed  on  May  8  were  in  the  royal  cell  and 
apparently  no  longer  following  each  other  about,  head  close  to  abdo- 
men, as  previously.  There  is  evidence  that  individuals  of  neither 
sex  are  sexually  mature  at  the  time  of  swarming,  and  that  there  is 
further  development  before  copulation,  as  can  be  noted  in  the  increase 
in  size  of  the  abdomen  of  both  sexes. 

The  colonizing  individuals  are  not  all  irretrievably  lost."  The 
establishment  of  new  colonies  by  these  forms  is  a  normal  process. 
Although  there  is  an  enormous  mortality  at  the  time  of  the  swarm, 
and  a  still  further  diminution  in  numbers  due  to  inability  to  become 
established  under  favorable  conditions,  yet  some  pairs  do  become 
established.     These  sexed  adults  are  not  necessarily  monogamous. 

a  Perns,  E.  Nouvelles  promenades  entomologiques,  Termes  ludfugus.  Ann.  Soc. 
Ent.  France,  s^r.  5,  t.  6,  p.  201-202,  1876. 

P6rez,  J.  Sur  la  formation  de  colonies  nouvelles  chez  le  termite  lucifuge  ( Tennes 
ludfugus).    Compt.  Rend.  Acad.  Sci.  (Paris),  t.  119,  No.  19,  p.  804-806,  Nov.  5,  1894. 

Heath,  Harold.    Loc.  cit. 
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True  royal  pairs  are  independent  of  workers  in  the  foundation  of 
new  colonies;  that  is,  it  is  not  necessary  that  they  be  found  and 
established  in  royal  cells  by  foraging  workers  and  soldiers,  although 
it  is  possible  that  this  occurs,  which  would  then  constitute  an  inde- 
pendent colony.  New  colonies  established  by  sexed  adults  that 
swarmed  were  found  both  in  the  termitarium  (where  conditions  were 
similar  to  those  in  nature)  and  in  the  forest.  The  king  and  queen 
are  equally  important;  they  continue  to  cohabit  and  coition  is 
repeated.  The  first  brood  reared  by  young  true  queens  that  have 
swarmed  consists  of  workers  and  soldiers  of  smalkr  size  than  the 
normal  form. 

Neoteinic  royal  individuals  are  to  be  found  commonly  in  colonies 
of  Jlavipes  in  the  eastern  United  States;  they  are  '^ei^atoids"  or 
"neotenes*'  and  are  developed  by  retarding  the  normal  developinent 
of  nymphs  of  the  first  form  at  an  early  stage,  and  from  young  larva?; 
sometimes  as  many  as  40  or  more,  consisting  of  many  queens  and  a 
few  males,  may  be  present  in  the  same  colony.  The  males  are 
polygamous.  It  is  beUeved  that  these  forms  are  provided  (1)  when 
overcrowded  old  colonies  are  spUt  up  and  new,  independent  colonies 
are  to  be  established,  or  (2)  through  the  actual  loss  of  the  true  royalty 
or  by  the  accidental  separation  of  some  members  of  the  colony  from 
the  royalty.  This  method  of  the  formation  of  new  colonies  is  sure, 
and  probably  much  more  rapid  in  the  case  of  establishment  by  the 
true  colonizing  forms,  as  the  royalty  would  receive  the  care  of  the 
workers,  would  not  have  to  forage  for  themselves,  and  their  only 
function  would  be  reproduction.  The  number  of  ^gs  laid  and  the 
rate  of  increase  would  necessarily  be  much  more  rapid,  due  to  the 
following  facts:  (1)  The  abdomens  of  mature,  fertilized,  supple- 
mentary queens  are  nearly  as  fully  distended  as  in  the  case  of  true 
queens;  (2)  the  lw"ge  number  of  supplementary  royalty  possible  to 
be  present  in  a  single  colony  and  consequent  increase  in  the  number 
of  eggs  laid,  and  (3)  the  proper  care  and  nourishment  the  royalty 
would  receive. 

It  is  often  noted  that  the  antennsB  of  the  reproductive  forms  are 
mutilated,  that  is,  have  a  greater  or  less  number  of  segments  missing. 
However,  this  is  not  always  the  case  in  young  reproductive  forms. 
The  loss  of  the  segments  in  individuals  in  long-established  colonic 
might  be  due  to  the  treatment  the  latter  receive  from  the  workers,  or 
from  being  dragged  about  by  them,  but  the  antennae  are  sometimes 
mutilated  in  individuals  in  incipient  colonies. 

There  is  a  series  of  molts  and  *^ quiescent  stages"  in  the  develop- 
ment of  the  larvaB  of  the  castes;  caste  differentiation  occurs  during 
such  a  stage,  which  corresponds  somewhat  to  the  pupal  stage  in 
insects  with  complete  metamorphoses. 

In  conclusion,  the  more  important  facts  may  be  summarized  as 
follows:  There  is  great  variation  in  the  life  cycle  of  Leucotermes; 
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Plate  XVIL 


SH 

Fio.  1.— Chestnut  telephone  pole,  with  base 
charred  but  basal  area  untreated.  This 
pole  has  been  standing  near  Dover,  N.  J., 
lor  eight  years.  ( Photograph  loaned  by 
United  States  Forest  Service.) 


FiQ.  2. — Pine  flooring  honeycombed  by  ter- 
mites at  New  Iberia,  La.     (Original.) 


Damage  by  Termites. 
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these  insects  are  adapted  to  meet  emei^encies  successfully  and  over- 
come obstacles  without  the  disorganization  of  the  colony.  New 
colonies  may  be  established  (1)  by  the  sexed  colonizing  adults  that 
invariably  swarm  and  leave  the  parent  colony;  (2)  by  neoteinic  royal 
individuals,  produced  from  nymphs  of  the  second  form  which  never 
(?)  leave  the  parent  colony,  or  from  young  larvae,  as  in  colonies 
orphaned  after  the  nymphs  of  the  first  form  have  nearly  completed 
their  development;  (3)  by  neoteinic  reproductive  forms  supplied  to 
orphaned  colonies,  which  may  be  derived  from  nymphs  of  the  first  or 
second  forms,  or  larvae.  Nests  headed  by  true  royalty  are  not  rare, 
but  many  difficulties  are  to  be  surmounted  in  their  estabUshmecIt  by 
sexed  adults;  such  recently  established  colonies  are  small  in  number. 
Nests  headed  by  neoteinic  reproductive  forms  are  more  commonly 
to  be  found,  as  this  is  a  more  sure  and  more  rapid  method  of  estab- 
lishment. Colonies  established  by  neoteinic  reproductive '  forms 
necessarily  increase  in  size  more  rapidly  due  to  the  numerous  egg- 
laying  queens  and  the  care  and  food  they  receive  from  the  workers. 
Subcolonies  or  temporary  colonies  are  frequently  found  with  only 
workers  and  soldiers  present;  these  subcolonies,  which  furnish 
increased  facilities  for  habitation  and  food  suppUes,  are  possibly 
offshoots  from  the  parent  colony  or  nest  and  are  established  by 
means  of  subterranean  passages,  which  are  extended  for  long  dis- 
tances by  foraging  workers  and  soldiers. 

THB  DAMAOB  TO  FOBEST  PBODTTCTS. 

Termites  seriously  injure  construction  timbers  in  bridges,*  wharves, 
and  like  structures;  telephone  and  telegraph  poles  ^  (PI.  XVII,  fig.  1), 
hop  poles,**  mine  props,**  fence  posts  and  rails  or  boarding;  lumber 
piled  on  the  ground,  railroad  ties  set  in  the  ground  (not  where  there 
is  stone  or  slag  ballast  or  heavy  traffic),  woodwork  (PI.  V;  PI.  XVII, 
fig.  2)  in  new  and  old  buildings,*  and  especially  seriously  damage  the 
wooden  boxing  or  *' conduits''  of  insulated  cables  placed  in  the  ground 
(to  the  detriment  of  the  insulation) ;  tent  pins  and  ridge  poles,  wooden 

o  Hagen,  H.  A.  The  probable  danger  from  white  ants.  Amer.  Nat.,  v.  10,  no.  7, 
p.  401-410,  July,  1876. 

&  Snyder,  T.  £.  Insects  injurious  to  forests  and  forest  products.  Damage  to  chest- 
nut telephone  and  telegraph  poles  by  wood-boring  insects.  U.  S.  Dept.  Agr.,  Bur. 
Ent.,  Bui.  94,  pt.  1,  pp.  12,  figs.  3,  pis.  2,  December  31,  1910.    See  p.  9-10. 

c  Parker,  W.  B.  California  redwood  attacked  by  Termes  lud/ugus  Rossi.  Jour. 
Econ.  Ent.,  v.  4,  no.  5,  p.  422-423,  October,  1911. 

d  Snyder,  T.  E.  Insect  damage  to  mine  props  and  methods  of  preventing  the 
injury.    U.  S.  Dept.  Agr.,  Bur.  Ent.,  Circ.  156,  pp.  4,  July  13,  1912.    See  p.  2-3. 

^Biarlatt,  C.  L.  The  white  ant.  (Termes  flavipes  Koll.).  U.  S.  Dept.  Agr.,  Bur. 
Ent.,  Circ.  50,  rev.  ed.,  pp.  8,  figs.  4,  January  27,  1908. 

Hopkins,  A.  D.  Insect  injuries  to  forest  products.  U.  S.  Dept.  Agr.  Yearbook 
1904,  p.  381-398,  1905.    White  ants,  or  termites,  p.  389-390. 
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Ix^ehives  and  tree  boxes;  wooden  electrotype  blocks,  and  books  (PI. 
IV)  and  documents  stored  in  damp,  dark  places,  etc. ;  timber  in  con- 
tact with  the  ground  being  especially  liable  to  serious  damage.  Often 
the  damaged  material  has  to  be  removed  and  replaced,  or  rebuilt. 
The  woo<l  of  no  species  of  native  tree  of  conmiercial  importance  is 
''immune''  to  attack,  although  some  are  relatively  more  resistant 
than  others.  Such  damage  has  occurred  as  far  north  as  Boston  axid 
the  shores  of  the  Great  I^es,  but  greatly  increases  as  the  Tropics  are 
approached.  In  the  Southern  States  termites  are  especially  destruc- 
tive to  wooden  underpinning,  beams,  and  flooring  (PL  XVII,  fig.  2), 
and  all  other  material  of  wood  accessible  in  buildings.  They  enter 
buildings  by  means  of  timnels  through  the  ground,  by  way  of  wooden 
joists,  or  by  means  of  covered  paths  (minute  **sheds"  constructed  of 
earth  and  excrement  of  the  superficial  consistency  of  sand),  leading  to 
the  woodwork  over  the  surface  foundations  of  stone  or  other  material 
which  they  can  not  penetrate.  Thi*  enables  them  to  avoid  the  light. 
Thus  termites  silently,  secretly,  and  ceaselessly  work  their  insidious 
damage,  instinctively  never  perforating  the  exposed  surface  of  timber, 
except  to  enable  the  sexed  adults  to  swarm.  Sometimes  the  emerg- 
ence of  these  winged  forms  is  the  first  indication  of  their  presence, 
but  at  other  times  joists  and  floors  collapse  without  warning. 

PRBVBNTIVBS,  BBXBDIBS,  AND   "nOCUNS"  WOODS. 

Forest  products  in  contact  with  the  ground  should  be  impr^;nated 
with  coal-tar  creosote,  which  is  a  permanent  preventive  against 
attack  by  our  native  termites.  Coal-tar  creosote  has  many  prop- 
erties which  would  recommend  its  use  in  this  respect,  for  it  is  also  a 
fungicide,  and,  being  insoluble  in  water,  will  not  leach  out  in  wet 
locations.  These  requirements  furjiish  objections  to  many  chem- 
icals that  otherwise  are  very  eflFective  insecticides.  The  various 
methods  of  superficially  treating  timber,  as  by  charring,  by  brushing, 
or  by  dipping  with  various  chemical  preservatives,  among  which  are 
creosotes,  carbolineums,  etc.,  have  proven  to  be  temporarily  eflTec- 
tive  in  preventing  attack,**  if  the  work  is  thoroughly  done.  If  not 
thoroughly  done,  termites  enter  through  the  untreated  or  impeiv 
fectly  treated  portions,  especially  through  weathering  checks  and 
knots.  Where  the  bases  of  poles,  mine  props,  etc.,  are  left  untreated 
termites  enter  the  timber  from  below,  and,  avoiding  the  treated 
portions,  come  up  through  the  interior.  Charred  timber  is  effective 
against  termite  attack  for  a  period  less  than  a  year,  although  it  is  not 
seriously  damaged  at  the  end  of  one  year.  It  will  readily  be 
seen  that  neither  brushing  nor  spraying  the  exterior  after  place- 

a  Snyder,  T.  E.  Insectfl  injurious  to  fore8t«^  and  forest  products.  Damage  to  chest- 
nut telephone  and  telegraph  poles  by  wood-boring  insects.  U.  S.  Dept.  Agr.,  Bur. 
Ent..  Bui.  94,  pt.  1.  pp.  12,  figs.  3,  pis.  2,  Dec.  .'^1,  1910.     See  p.  9-10. 
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menty  as  is  sometimes  practiced,  is  effective  in  keeping  out  termites, 
since  the  portion  that  sets  in  the  ground  could  not  be  treated,  and  it 
is  usually  at  this  point  that  termite  attack  occurs. 

Before  treating  timber  with  chemical  preservatives,  especially 
where  the  brush  method  is  employed,  it  is  essential  that  the  timber 
be  thoroughly  seasoned,  otherwise  penetration  by  the  preservative 
will  be  retarded. 

A  treatment  with  ''blue  oil'*  is  recorded  as  apparently  effective  in 
protecting  wood  against  the  attacks  of  ''white  ants,"  or  termites, 
besides  acting  as  a  preservative  (fimgicide)  generally.  *'Blue  oil''* 
is  the  residue  left  in  the  distillation  of  mineral  oils  after  the  isolation 
of  kerosene  (petroleum)  and  paraffin;  (a)  the  oil  to  be  a  shale  product; 
(&)  its  specific  gravity  (at  60''  F.)  to  be  0.873  to  0.883;  (c)  its  flashing 
temperature  to  be  not  lower  than  275^  F.  (close  test). 

Many  patented  wood  preservatives,  advertised  as  effective  against 
wood  borers,  often  merely  contain  simple  preservatives,  as  for  in- 
stance, linseed  oil,  to  which  a  slight  odor  of  oil  of  citronella  has  been 
imparted,  or  contain  simple  poisons.  For  timber  to  be  set  in  the 
ground,  brush  coatings  with  linseed  oil  are  not  effective  against 
termites. 

An  English  firm  manufactures  a  saccharine  solution  which  prob- 
ably contains  a  salt  as  arsenic  ^;  this  patented  treatment  is  supposed 
to  be  efficient  against  wood-boring  insects,  especially  termites.  The 
wood  is  seasoned  by  immersing  in  the  saccharine  solution  at  120 
to  140°  F.     This  process  is  being  tested. 

Impregnation  with  chlorinated  naphthalene  may  prove  effective 
against  termites,  as  a  preservative  for  woodwork,  in  interior  finish, 
where  a  requirement  is  that  the  preservative  should  not  "sweat'' 
out,  or  stain  the  wood.  Treated  wood  blocks  buried  in  the  groimd 
with  termite-infested  logs  were  not  attacked  after  a  test  of  nearly 
six  months. '^  Impregnation  with  paraffin  wax  was  not  effective 
(fig.  14).  If  the  wood  is  not  in  contact  with  the  ground,  impregna- 
tion treatments  with  bichlorid  of  mercury  and  zinc  chlorid  are  effec- 
tive.    The  mercury  and  zinc  in  this  form  are  both  soluble  in  water. 

H.  W.  Bates,  in  a  paper  entitled  "On  the  prevention  of  destruc- 
tion of  timbers  by  termites,"  Transactions  of  the  Entomological 
Society  of  London,  1864,  Vol.  I,  p.  185,  cites  preventive  measures. 
M.  J.  Berkeley,  in  The  Technologist,  (London),  1865,  Vol.  V,  p.  453, 
gives  remedies  based  on  the  report  by  the  committee  of  inquiry  into 

tf  The  protection  of  timber  against  white  ants.  Trans.  Roy.  Scot.  Arbor.  Soc.,  v.  23, 
pt.  2,  p.  227-228,  July,  1910. 

Dixon,  W.  B.  Protection  from  "white  ants"  and  other  pestH.  Nature,  v.  85, 
no.  2148,  p.  271,  December  29,  1910. 

6  Chemical  abstracts,  v.  7,  no.  2,  p.  408,  January  20,  1913. 

c  Impregnation  of  wood  to  resist  insect  attack.  Amer.  Lumberman,  no.  2009,  p.  32, 
November  15,  1913. 
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the  ravages  by  white  ants  at  St.  Helena.     Froggatt  gives**  preventive 
measures  applicable  in  New  South  Wales. 


Pro.  14.— Red  oak  block,  impregnated  with  paraffin  wax,  honeycombed  by  termites  after  five  months 
test.    This  was  buried  in  the  ground  with  termite-infested  logs.    (Original.) 

o  Froggatt,  W.  W.  White  ants,  with  some  account  of  thoir  habits  and  depredation.^- 
Misc.  Pub.  no.  155,  Dept.  Agr.,  Sydney,  N.  S.  Wales,  Sydney,  1897.  See  p.fr^^ 
account  of  depredations  and  methods  of  prevention. 
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The  wood-pulp  products  and  various  patented  "composition 
boards'*  used  as  substitutes  for  lath,  etc.,  might  be  made  termite  proof 
by  adding  during  their  manufacture  such  poisons  as  white  arsenic, 
antimony,  bichlorid  of  mercury,  zinc  chlorid,  etc;  tests  are  being  con- 
ducted. 

In  general,  serious  damage  by  termites  to  the  wood  of  fire  or 
insect  killed,  standing,  merchantable  timber  can  be  prevented  if  the 
timber  is  utilized  within  from  one  to  two  years  from  the  time  that  it 
was  killed,  depending  on  the  species  of  wood  and  the  locality — one 
year  for  pine  (less  in  the  Southern  States)  and  two  years  for  chestnut. 

Forest  tree  nursery  stock  should  be  planted  in  groimd  that  has 
been  plowed  deep  late  in  the  fall  of  the  year  in  a  region  where  injury 
by  termites  is  common. 

Marlatt  ^  states  regarding  white-ant  infestation  in  buildings  that 
setting  foimdation  beams  or  joists  in  concrete  is  only  a  partial 
protection,  since  in  the  settling  of  the  house  the  concrete  will  crack 
and  aflford  entrance  to  the  insects.  Some  protection  is  afforded  by 
removing  decaying  stumps  or  posts,  etc.,  adjacent  to  buildings,  by 
drenching  infested  timbers  with  kerosene,  and  by  removing  infested 
joists  in  cellars  and  drenching  the  ground  where  they  were  set  with 
kerosene  (or  carbon  bisulphid).  Where  the  injury  is  confined  to 
exposed  woodwork  in  buildings,  hydrocyanic-acid  gas  fmnigation  ^ 
is  to  be  recommended,  the  infested  beams  and  joists  beneath  being 
exposed,  if  possible,  by  opening  up  the  floors. 

Certain  species  of  wood  appear  to  be  naturally  highly  resistant  to 
termite  attack.  Species  of  wood  that,  so  far  as  determined  by  test,*^ 
have  been  resistant  to  attack  by  our  native  termites  are  all  tropical 
species  and  woods  too  expensive  for  ordinary  use,  including  teak 
{Tectonia  grandis)  from  Siam  and  Burma,  greenheart  (Nedandra 
rodisei)  ^  from  South  America  and  the  West  Indies,  "peroba''  (several 
species  of  Aspidosperma)  from  South  America,  and  mahogany 
(Swietenia  mahogJiani)  from  tropical  America.  Hagen*  states  that, 
according  to  Kirby,  "Indian  oak"  or  teak  (Tectonia  grandis)  and 
''ironwood  '*  (Sideroxylon)  of  India  are  immime  to  attack  by  termites. 
This  immunity  ( ?)  or  relative  resistance  of  ironwood  is  not  due  to 
hardness,  since  Asiatic  termites  attack  the  hardest  wood.  Lignum- 
vitx,  but  to  the  presence  in  the  wood  of  substances  (as  oils  or  alka- 

a  Op.  cit. 

ft  Howard,  L.  0„  and  Popenoe,  C.  H.  Hydrocyanic-acid  gas  against  household 
insects.    U.  S.  Dept.  Agr.,  Bur.  Ent.,  Circ.  163,  p.  8,  November  29,  1912. 

c  Impregnation  of  wood  to  resist  insect  attack.  Amer.  Lumberman,  no.  2009,  p.  32, 
November  15, 1913. 

<^This  wood  has  been  superficially  attacked  by  termites  after  12  months'  test;  the 
wood  was  eaten  to  the  depth  of  one-eighth  inch. 

«  Hagen,  H.  A.  Monographie  der  Termiten.  Linnsea  Entomologica,  Bd.  10,  p. 
44-45,1856. 
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loids)  repellent  or  distasteful  to  termites.**  The  presence  of  tyloses 
or  of  gums  may  be  factors  in  determining^  the  durability  and 
resistance  of  hardwood  species.  Hagen  further  states  that,  while  teak 
is  not  destroyed  by  termites,  he  believes  that  even  teak  will  be 
attacked  when  it  has  become  old  or  been  long  exposed  to  the  air. 
Hagen  states  that  it  is  useless  to  consider  tannin  as  a  preservative, 
since,  according  to  ^Williamson,  termites  will  destroy  leather.  Some 
species  of  woods  native  to  the  Philippine  Islands  are  apparently 
immune  to  termite  attack. 

Capt.  Ahem,  Chief  of  the  Philippine  Forestry  Bureau,  quotes 
Foreman,  p.  390,  as  stating*  that  the  ''anay,"  or  native  termite,  "eats 
through  most  woods  (there  are  some  rare  exceptions,  such  as  'molave,' 
'ipil,'  'yacal,'  etc.)."    Capt.  Ahem  states  that — 

The  following  woods  are  not  subject  to  attack  by  anay:  "Dmglas"  [Eugenia  broc- 
tfota  Roxb.,  var.  roa*ttiy*ti  Duthie,  bunily  Myrtace»],  **ipil"  [Afzdia  hijuga  Gray, 
family  Leguminoese],  "molave"  {Vxtex  liUoralia  Dene,  family  Verbenaceee],  and 
"yacal"  [Hopea  plagata  Vidal,  family  Dipterocarpe«]. 

"Tindalo"  [Afzelia  rhombouUa  Vid.]  is  attacked  by  "anay  '*  when  there  is  no  odier 
wood  in  the  vicinity. 

"Baticuliu"  [lAUea  obhmUa  B.  and  H.,  F.  Vill,  fam.  Laurinese]  is  attacked  by 
"anay,  '*  but  is  not  damaged  or  destroyed,  except  such  parts  as  are  buried  underground. 

TS8T  WITH  THE   WHITE  ANT. 

Mr.  D.  N.  McChesney,  master  mechanic  at  the  depot  quartermaster  shops  in  Manila, 
found  last  February  that  his  trunk  (made  of  an  American  spruce)  had  been  invadfd 
by  white  ants  and  was  almost  entirely  destroyed;  the  clothes  contained  in  the  trunk 
were  also  eaten.  He  placed  the  trunk  on  the  ground  and  near  it  pieces  of  the  foUowii^ 
woods: 

Result  of  30  days*  contact  with  ants. 
American  woods: 

Oregon  pine Entered  and  eaten;  a  mere  matter  of  time 

for  complete  destruction. 

Bull  pine Eaten  more  readily  than  Oregon  pine. 

Spruce Do. 

Western  hemlock Not  touched. 

California  redwood  [Sequoia  semper-    Ants  tried,  but  discontinued  after  a  sligfai 
virens].  effort. 

California  white  cedar Do. 

Native  woods: 

Molavo Ate  a  little  of  it;  deepest  hole  about  one- 
fourth  inch. 
Narra  [Pterocarpus  indicu^  Wild.,  fam-  Ate  a  little  of  it;  deepest  hole  about  one- 
ily  Legumiuosae].  half  inch. 

Painted  wood Ants  worked  under  paint  and    ate    the 

wood  readily. 

o  The  quality  of  hardness  in  wood,  while  not  rendering  a  species  of  wood  immune 
to  termite  attack,  is  an  important  factor  in  determining  the  relative  resistance  of 
species  of  woods.     Hardness  is  a  factor  in  the  grading  of  mahogany  lumber. 

b  Gerry ,  M.  "  Tyloses :  Their  occurrence  and  practical  significance  in  some  A  meii- 
can  woods. "    Jour.  Agric.  Research,  vol.  1,  no.  6,  p.  462-464,  March  25,  1914. 

c  Ahem,  G.  P.  Important  Philippine  woods.  112  pp.,  col.  pis.  Forestry  Bur.» 
''anila,  P.  I.,  January  2,  1901.     See  p.  91. 
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Hemlock  and  redwood*  are  badly  honeycombed  by  our  native 
species  of  termites  on  the  Pacific  coast,  and  California  white  cedar 
is  honeycombed  by  the  termites  of  the  Pacific  coast. 

European  cypress  (Cupressus  sempervirens  Linn.)  is  reported  ^ 
damaged  by  termites  at  Rochefort,  France. 

Cedrus  deodar,  from  India,  and  Cedrus  ailantica,  of  the  mountains 
of  northern  Africa,  are  reported  to  be  immune  ( ?)  to  termite  attack. 

Red  ''deal"  is  less  liable  to  attack  than  white  ''deal.''  ^ 

The  following  three  species  of  wood  remained  imtouched  by  ter- 
mites for  three  years  in  the  District  of  Pretoria,  Transvaal:  <*  "Lead- 
wood  ' '  ( Combretum  prophyrolepsis) ,  ' '  black  ironwood ' '  (Olea  Vmrir- 
folia)  J  "vaalbosch"  {Br(ichylsma  discolor) . 

In  case  of  certain  species  of  pines,  with  an  extremely  resinous  heart- 
wood,  as  the  "fatwood"  of  the  longleaf  pine  (Pinus  palustris)  of  the 
Southern  States,  while  termites  honeycomb  the  sapwood,  the  heart- 
wood  apparently  is  resistant.  Odenbach  states  that  turpentine  is 
very  repellent  to  termites  in  artificial  nests.  In  southern  Rhodesia  * 
the  wood  of  the  "mopani''  tree  (Copaifera  mopani)  withstands  ter- 
mite attack  for  years,  and  is  therefore  very  suitable  for  ^straining 
posts  for  fences,  though  unfortunately  not  a  timber  that  can  be  cut 
and  squared. 

Tests  of  the  relative  resistance  of  various  native  and  exotic  woods 
have  been  b^un,  but  as  yet  no  definite  conclusions  can  be  drawn. 
The  heartwood  of  the  following  native  species  of  wood  is  relatively 
more  resistant  to  attack  by  our  native  termites:  Black  locust;  black 
walnut  ^  (cases  on  record  where  heavy  beams  supporting  flooring  in  a 
building  in  Baltimore,  Md.,  were  completely  honeycombed);  eastern 
white  cedar  (Chamsecyparis  thyoides);  eastern  red  cedar  or  juniper; 
bald  cypress  of  the  Southern  States ;  western  red  cedar  ( Thuja  plicata) 
of  Washington,  Oregon,  and  California;  incense  cedar  {Lihocedrus 
decurrens)  of  Oregon  and  California;  and  Monterey  cypress  (Oupressus 
macrocarpa)  of  California.  All  these  species  of  woods,  however,  are 
attacked  by  termites. 

o  Parker,  W.  B.    Loc.  cit. 

fr  Hagen,  H.  A.  Monographie  der  Tenniten.  Linnaea  Eutomologica,  Bd.  10, 
p.  1-144,  1856.    See  p.  133. 

c  French,  C.  Handbook  of  the  destructive  insects  of  Victoria,  pt.  2,  p.  141,  Mel- 
bourne, 1893. 

d  Howard,  C.  W.,  and  Thomsen,  F.  Notes  on  termites.  Transvaal  Agr.  Jour.,  v.  6, 
No.  21,  p.  85-93,  illus.,  October,  1907;  v.  7,  No.  27,  p.  512-520,  April,  1909;  v.  8,  No. 
29,  p.  86-87,  October,  1909. 

<  Jack,  R.  W.  Termites  or  "white  ants."  Rhodesia  Agr.  Jour.,  v.  10,  No.  3, 
p.  393-407,  pi.,  February,  1913. 

/Impregnation  of  wood  to  resist  insect  attack.  Amer.  Lumberman,  No.  2009^ 
p.  32,  November  15,  1913. 


Digitized  by 


Google 


82  INSECTS  INJURIOUS  TO  FORESTS. 

Hagen  «  briefs  the  records  of  various  travelers  as  to  the  imnnini*  (r 
or  termite-resistant  wood  species  of  the  countries  of  the  worid 
Froggatt  ^  states  that  in  Australia  red  pine  is  more  resistant  than  c\m 
pine;  that  ^^jarrah"  is  said  to  be  resistant,  thoiigli  not  immune;  acd 
that  desert  cypress  when  sawn  up  appears  to  be  resistant,  but  in  the 
form  of  logs  is  not  immune.  The  Rev.  Joseph  Assmuth,  S.  J./  d 
Bombay,  India,  states  that  ''deal"  and  *'pukka"  teak  are  injured 
by  termites;  he  gives  photographs  of  the  damaged  specimens  of  wood. 
In  answer  to  a  letter  of  inquiry  he  states: 

The  ''pukka"  teak  is  what  is  called  here  in  India  "Burmese  teak,"   Teetask 
grandis  L.     ''  Pukka  "  means  genuine;  it  is  used  here  in  oppositioii  to  the  leas  re&l^ 
timber  of  ''Malabar  teak/'  though  both  come  from  the  same  species  of  wood.    Tbe 
difference  of  both  lies,  I  am  told,  in  the  seasoning  of  the  timber,  or  rather  in  the  diffe- 
ent  mode  of  felling  the  trees.     In  Malabar  they  cut  off  a  ring  of  bark  from  near  the  hine 
of  the  tree,  so  that  the  tree  dries  up  while  standing  still  erect,  and  is  then  felled.    'Tb^ 
seems  to  cause  a  gradual  withdrawal  of  the  oils  contained  in  the  wood,  which  make 
the  wood  more  liable  to  the  attack  of  white  ants.    In  Burmah  the  tree  is  felled  as  :t 
stands  and  allowed  to  dry  up  lying  on  the  ground.    Thus  the  peculiar  oils  remain  is 
the  wood  and  are  preserved  in  it,  and  consequently  this  timber  is  less  palatabk  te 
the  white  ants,  and  shunned  by  them  until  in  course  of  time  the  oils  evapwrate  aba 
Then  the  white  ants  go  for  it  too.    Such,  at  any  rate,  is  my  theory.     I  cant  exfim 
otherwise  why  the  one  sort  is  at  once  attached  by  white  ants,  whereas  the  other  rranainf 
for  a  longer  period,  at  least,  immune.    The  case  therefore  is  briefly  this:  Malabar  teak 
(here  also  caUed  "jungle  teak'')  is  attacked  by  the  white  ants  from  the  beginmi^. 
Biurmah  or  "pukka"  teak  remains  safe  for  a  certain  period,  sometimes  longer,  sorne^ 
times  shorter,  but  it  is  not  absolutely  safe  either. 

"Dealwood  "  is  the  conmion  European  wood  used  for  boxes  and  the  like;  it  is  vm- 
ally  timber  of  Abies,  Picea,  or  Pinus.  It  is  the  wood  most  readily  attacked  by  ter- 
mites of  different  species. 

Kanehira/  tabulates  the  results  of  experiments  with  a  laige 
number  of  species  of  woods  as  to  their  relative  resistance  to  termite 
attack  in  Formosa,  Japan.  Reasons  are  advanced  as  to  the  probable 
causes  which  render  the  wood  "termite  proof"  ( ?).  The  concIusioDS 
he  draws  can  not  be  accepted  without  further  details  as  to  how  the 
tests  wore  conducted  and  after  a  longer  period  of  experimentation. 
Certain  of  the  woods  he  lists  as  '^immune"  are  known  to  be  attacked 
by  termites. 

METHODS  OF  OBTAINING  PHOTOOBAPHS  FOB  THE  ILLTT8TRATIOK8. 

The  photographs  of  the  insects  reproduced  in  this  paper  were  made 
after  a  method  devised  by  Mr.  H.  S.  Barber,  of  the  Bureau  of  Ento- 
mology.    The   specimens   were   placed   either   between   horizontal 

a  Loc.  cit. 

&  Froggatt,  W.  W.  White  ants.  (Termitidee.)  Misc.  Pub.  874,  Dept.  Agr.  N.S. 
W^les,  Sydney,  1905,  p.  43-44. 

cAflsmuth,  J.  Wood-destroying  white  ants  of  the  Bombay  presidency.  Jour. 
Bombay  Nat.  Hist.  Soc.,  v.  22,  no.  2,  p.  372-384,  4  pis.,  September  30, 1913. 

d  Kanehira.  On  some  timbers  which  resist  the  attack  of  termites.  Indian  For 
ester,  v.  40,  no.  1,  p.  23-41,  January,  1914. 
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glass  slides  submerged  in  alcohol  or  immersed  in  water  in  a  chamber 
made  by  gluing  glass  slides  to  thin  slips  of  rectangular  cover  glass 
with  heated  balsam.  In  this  water-tight  compartment  the  speci- 
mens can  be  placed  in  vertical  or  horizontal  positions.  Ether  is 
used  to  clear  out  the  cell,  which  is  filled  with  boiled  water,  thus 
avoiding  the  formation  of  air  bubbles.  If  the  specimens  are  placed 
head  downward,  movements  of  the  anteimae,  due  to  vibration,  can 
be  avoided.  Cells  of  various  sizes  are  used,  or  one  large  cell  can  be 
utilized  by  placing  thin  slips  of  cover  glass  back  of  the  specimens  to 
hold  them  firmly  in  position.  By  clamping  the  cell  to  the  lens 
holder  of  a  dissecting  microscope  placed  horizontally,  focusing  can 
be  conveniently  accomplished  by  adjustments  of  the  screw. 

The  best  results  are  obtained  by  etherizing  recently  killed  specimens 
that  have  not  been  placed  in  alcohol.  A  72  millimeter  focal  length 
lens  brings  out  the  characters  to  the  best  advantage,  if  the  enlarge- 
ment is  6  to  8  diameters. 

Many  of  the  photographs  were  taken  by  Mr.  H.  S.  Barber  and  some 
by  Mr.  H.  B.  Kirk  at  the  eastern  field  station.  Most  of  them,  how- 
ever, were  made  by  the  photographic  laboratory  of  the  United 
States  Department  of  Agriculture. 
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Washington,  D.  C,  December  11,  1912. 
Sir:  I  have  the  honor  to  transmit  herewith,  for  publication  as 
bulletin  No.  95,  seven  papers  dealing  with  cereal  and  forage  insects, 
ind  methods  for  their  control.  These  papers,  which  were  issued 
eparately  during  the  years  1911  and  1912,  are  as  follows:  The 
Timothy  Stem-Borer,  by  W.  J.  Phillips;  The  Maize  Billbug,  by 
C.  O.  G.  Kelly;  Chinch-Bug  Investigations  West  of  the  Mississippi 
iiver,  by  E.  O.  G.  Kelly  and  T.  II.  Parks;  The  So-CaUed  ''Curlew 
Jug,"  by  F.  M.  Webster;  The  False  Wireworms  of  the  Pacific  North- 
west, by  James  A.  Hyslop;  The  Legume  Pod  Moth  and  The  Legimie 
^od  Maggot,  by  James  A.  Hyslop;  The  Alfalfa  Ix)oper,  by  James 
L  Hyslop. 

Respectfully,  L.  ().  Howard, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Sea  et^ry  of  Agriculture. 
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PREFACE. 


The  articles  included  iii  this  bulletin  relate  to  insects  more  or  less 
destructive  to  cereal  and  forage  crops  in  the  United  States.  They 
represent  investigations  largely  completed  during  the  fiscal  year 
1911-12. 

The  timothy  stem-borer,  the  subject  of  Part  I,  has  not  during  our 
observations  been  especially  injurious,  but  is  likely  to  become  so 
should  several  favorable  conditions  result  in  increased  abundance. 
The  maize  billbug  (Part  II)  and  the  so-called  "curlew  bug"  (Part  IV) 
are  two  very  closely  related  insects,  the  latter  being  especially 
destructive  in  Virginia  and  the  Carolinas,  while  the  former  is  occa- 
sionally quite  injurious  in  the  West.  The  paper  relating  to  chinch- 
bug  investigations  west  of  the  Mississippi  River  (Part  III)  is  exceed- 
ingly timely  and  serves  to  make  more  clear  the  difference  in  condi- 
tions, as  regards  the  chinch  bug,  between  the  country  west  of  the 
Mississippi  River  and  that  lying  east  of  it.  Parts  V,  VI,  and  VII 
relate  to  species  more  or  less  destructive  in  the  extreme  northwestern 
portion  of  the  United  States,  a  section  of  the  country  somewhat  pecul- 
ar  in  that  it  differs  greatly  in  insect  fauna  from  more  southern  and 
eastern  sections  of  the  country. 

AH  of  these  papers  relate  to  insects  that  the  farmer  must,  to  a 
rreater  or  less  extent,  encounter  and  control  in  a  successful  carrying 
)ut  of  his  business. 

F.  M.  Webster, 
In  Charge  of  Cereal  and  Forage  Insect  Investlgatums. 
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THE  TIMOTHY  STEM-BORER,  A  NEW  TIMOTHY  INSECT. 

{MonlellUtena  ustulata  Ii€C.) 

By  W.  J.  Phillips, 
Entomological  Assistant. 

INTBODUCTION. 

The  writer's  attention  was  first  attracted,  in  1904,  to  the  interesting 
little  insect  which  is  the  subject  of  this  paper.  On  November  29  of 
that  year,  at  Rives,  Tenn.,  while  examming  timothy  for  joint-worms 
(Isosoma),  a  curious  little  larva,  unknown  at  that  time  to  the  writer, 
was  found  tunneling  the  stems.  In  many  cases  it  had  traversed 
the  entire  length  of  the  stem,  from  the  top  joint  to  the  bulb.  Although 
nothing  was  reared  from  this  material  it  serv^ed  to  arouse  interest. 
Smce  that  time,  however,  it  has  been  reared  and  some  interesting 
facts  learned  concerning  its  habits  and  manner  of  living. 

Thus  far  it  has  not  proved  a  serious  pest,  having  been  found  only 
ui  small  numbers  at  any  given  point.  In  large  numbers  it  would 
scarcely  do  any  perceptible  injurv  to  the  hay  crop,  although  it  could 
probably  very  materially  lessen  seed  production.  For  this,  as  well 
as  other  reasons,  it  deserves  more  than  passing  notice. 

HI8TOBT. 

The  adult  (fig.  1)  was  described  by  Le  Conte  in  1862,  but  there  is 
no  reference  in  literature  to  its  larval  habits,  although  as  early  as 
1 877  it  was  known  that  larvte  of  other  species  of  this  genus  inhabited 
plant  stems  of  different  kinds. 

During  the  early  part  of  November,  1904,  Mr.  Geo.  I.  Reeves,  of 
this  Bureau,  found  larvae  tunneling  timothy  stems  at  Richmond 
and  Evansville,  Ind.,  and  at  Nicholsville,  Ohio,  but  none  was  reared. 
In  the  latter  part  of  the  month  the  writer  found  a  larva  working  in 
timothy  stems  at  Rives,  Tenn.  Nothmg  could  be  reared,  but  in  the 
light  of  recent  observations  it  is  very  probable  that  they  were  Mor- 
dellistena  usiuUiia  in  each  instance. 
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In  1905  the  writer  found  numbers  of  larv»  inhabiting  timothy  at 
Richmond,  Ind.  Some  time  in  the  fall  infested  stems  were  collected 
and  sent  to  the  Department  for  rearing,  but  it  was  the  same  story- 
nothing  issued. 

Early  in  the  spring  of  1906  observations  were  begun  with  a  view 
to  rearing  the  adult.  Infested  stems  were  collected  in  May,  and  on 
June  8  the  first  adult  appeared.  Specimens  were  later  submitted  to 
the  Department  and  were  found  to  b^ng  to  the  above  species. 
Since  that  time  they  have  been  reared  repeatedly. 

DISTAXBUnOir. 

The  habitat  of  this  insect  has 
been  given  as  the  middle  and 
southern  United  States.  Adults 
have  been  captured  as  far  east 
as  Pennsylvania,  and  they  have 
been  reared  from  material  col- 
lected in  Indiana,  Ohio,  and\Tr- 
ginia.  Timothy  stems  contain- 
ing mordellid  larvse*  that  were 
not  identified,  but  which  were 
probably  MordeMsteruiuetalaUi, 
were  found  in  Kentucky,  TeD- 
nessee,  Illinois,  and,  this  year, 
Mr.  T.  H.  Parks,  of  the  Bureau 
of  Entomology,  found  them  at 
('hillicothe,  Mb. 

CHABrACTEB  OF  ATTACK. 


FlQ.  1.— The  timothy  stem-boror  ( MordfUittena  ustu- 
l^ta) :  a,  Adnlt  or  bnetlR,  dorsal  view;  b,  same,  latcftl 
view.    Greatly  enlarged.    (Original). 


As  a  rule  the  egg  is  deposited 
at  or  slightly  below  the  center  of 
the  first  or  seox)nd  joint  in  timothy,  but  much  farther  down  the  stem  in 
other  grasses.  From  here  the  larva  bores  into  the  center  of  the  stem 
and  then  begins  its  downward  journey  to  the  bulb  or  root.  It  feeds 
upon  the  pith  and  the  walls  of  the  stem  as  it  passes  downward,  and 
when  it  encounters  a  joint  it  tunnels  completely  through  it,  leaving  a 
mass  of  detritus  behind.     Plate  I  is  an  illustration  of  its  workman^p. 

HOST  PI^ANTS. 

This  species  has  been  reared  from  timothy,  orchard  grass  (Dae- 
tylis  glomeraia)j  quack  grass  (Agropyron  sp.),  and  Agrostis  alha^  while 
larv©  that  were  supposedly  this  species  have  been  found  in  bluc^rass 
iPoa  spp.)  and  cheat  {Bramus  secalinus). 
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DESCRIPTION  OF  THE  DIFFERENT  8TAOE8. 


THE   EGG. 

(Fig.  2.) 

Length  0.65  mm.,  diameter  near  center  0.16  mm.  Color  milky  white.  Acuminate- 
ovate,  apparently  smooth;  one  side  convex  and  the  other  slightly  concave;  large  end 
broadly  rounded,  small  end  acutely  rounded. 

Described    from   sy)ecimens    dissected    from 
gravid  females. 

THE   LARVA. 

(Fig.  3,  a.)  FiQ.   2.— The  timothy  stem- 

borer:  Egg.    Highly  magnl- 
Length  6  mm.,  diameter  0.875  mm.    Color  varying       fled.   (Original.) 
from  creamy  to  white,  shading  into  a  very  faint  tinge  of 

salmon  near  center.  None  of  the  segmente  appears  to  be  corneous,  although  each 
bears  a  number  of  eetse;  last  segment  feebly  bifid,  ending  in  a  two-pointed  spear, 
and  covered  with  stout  bristles.    Dorsal  surface  of  abdomen  with  six  pairs  of  fleshy 

tubercles  which  will  be  described 
later. 

Head  (fig.  3,  b)  narrower  than 
thorax  and  arranged  almost  ver- 
tically with  reference  to  it;  ovoid, 
smooth,  and  bearing  a  number 
of  large  and  small  setae,  a  very 
faint  suture  extending  from  the 
occipital  area  almost  to  the  episto- 
mal  area. 

Antenna  represented  by  two 
fleshy  tubercles,  situated  laterad 
of  and  near  insertion  of  mandi- 
bles; somewhat  cone-shaped  and 
bearing  several  small  setae  on  their  ' 
summits. 

Eyes  represented  by  two  tiny, 
slightly  fused  black  dots  situated 
slightly  ventro-laterad  of  the  an- 
tennae. 

Epistoma  sublunate;  anterior 
margin  concave  and  posterior  con- 
vex; about  twice  as  broad  as  long 
and  apparently  inclosed  by  base  of 
mandibles  and  a  chitinous  ridge  ex- 
tending from  insertion  of  mandibles 
almost  entirely  across  the  face ;  ridge 
amber-colored. 

Labrum  tonguelike,  lying  directly  over  the  mandibles,  rectangular,  longer  than 
broad;  distal  margin  rounded  and  densely  fringed  with  setae  or  bristles;  upper 
surface  pappose;  two  large  setae  near  center  ana  two  on  each  lateral  margin;  six 
smaller  ones  on  distal  margin. 

C5 


Fio.  3.— The  timothy  stem-borer:  a.  Larva,  lateral  view; 
bf  head  of  same,  dorsal  view;  c,  maxillsB.and  labium  of 
same;  d,  mandible  of  same,  a,  (ireatly  enlarged;  b,  d, 
niore  enlarged;  c,  still  more  enlarged.    (Originai.) 
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Mandible  (fig.  3,  d)  short,  very  broad  at  baee,  abnost  as  broad  as  long,  taperius 
abruptly  to  a  sharp  point;  outer  face  convex  and  smooth,  with  a  small  seta  near 
center;  ferruginous  at  base  and  black  at  extremity,  strongly  curved;  inner  bee 
concave,  with  two  small  notches  midway  of  superior  maigin  and  one  small  notch  near 
extremity  of  inferior  margin. 

liaxUlss  (fig.  3,  c)  inserted  far  to  the  rear,  large,  fleshy,  curving  considerably,  Uiai 
inclosing  the  labium;  extending  considerably  beyond  tips  of  mandibles;  distal 
extremity  bearing  the  two-jointed  palpus  and  the  lacinia.  Each  maxilla  bears  i 
number  of  setie,  one  large  and  two  small  ones  occurring  on  outer  face,  a  large  one  st 
outer  and  one  at  inner  angle  of  base  of  palpus,  and  two  small  ones  and  one  laige  ooe 
caudad  of  these.  The  lacinia  is  a  brushlike  organ  bearing  a  fringe  of  stout  bristl<¥ 
Maxillary  palpi  (fig.  3,  c)  two-jointed;  first  joint  slightly  obconical,  about  as  thick 
as  long,  bearing  several  set«  on  the  outer  face;  the  second  joint  is  a  slightly  truncat(>d 
cone,  and  much  smaller  than  the  first  joint,  and  bears  a  nimiber  of  minute  sets  at 
the  apex. 

The  labium  (fig.  3,  c)  is  a  very  simple  organ  inserted  between  bases  of  maxilk. 
fleshy,  rectangular;  distal  extremity  sharply  rounded  and  fringed  with  minute  seUe, 
with  two  larger  set®  at  tip;  four  eeiae  forming  a  semicircle  near  center,  the  two  is 
the  center  much  the  largest;  a  large  seta  at  inner  angle  of  base  of  each  palpus.  LabbI 
palpi  (fig.  3,  c)  very  minute,  two-jointed;  first  joint  cylindrical;  second  joint  tho^ 
cylindrical  but  much  smaller  than  the  first  and  slightly  rounded  at  tip,  beariu 
several  minute  set*. 

Prothorax  as  large  as  the  two  following  segments  combined;  viewed  from  si-^ 
triangular  in  form;  not  wrinkled  or  folded  but  finely  striate;  dorsally  the  posteii* 
margin  extends  back  for  a  considerable  distance  into  the  mesothorax.  The  mew- 
thorax  and  metathorax  lie  at  quite  an  angle  with  the  abdominal  segments;  poeterkr 
margin  of  dorsum  of  mesothorax  extending  back  to  center  of  metathorax.  M^i- 
thorax  about  same  width  as  mesothorax,  except  on  dorsum,  where  it  is  somewbii 
narrower. 

Legs  fleshy,  cone-shaped,  four-jointed;  first  joint  very  large  and  more  like  a  pr> 
jection  of  the  thorax  than  a  joint  of  the  leg;  second  joint  obconical,  very  shorty  aoi 
very  much  smaller  than  the  first;  third  joint  cylindrical,  short,  and  ver>'  small 
fourth  joint  the  smallest  of  all,  obconical,  rounded  at  apex,  and  bearing  three  spioes 
at  tip;  a  whorl  of  spines  at  each  joint  on  outer  face;  segments  very  imperfectly  defined 
in  most  cases. 

Abdomen  composed  of  nine  segments,  all  of  which  are  broader  than  the  mesothoni 
or  metathorax.  First  six  segments  bearing  on  their  dorsal  surface  two  round,  fleshy, 
somewhat  retractile  elevations  or  tubercles  (M.  Perris,  in  his  Larves  dee  Col^pi^f^. 
calls  them  * 'ampoule  ambulatoire. ")  These  tubercles  are  almost  circular  in  fom 
and  the  apex  is  crumpled  and  folded  and  bears  several  small  set*.  Dorsum  of  ifc^ 
seventh  segment  with  a  slight  transverse  ridge  bearing  a  number  of  recurved  brfetie; 
eighth  segment  bearing  a  number  of  bristles,  which  are  more  numerous  near  posteif 
margin,  all  directed  backward.  First  eight  segments  with  a  large  fold  extendiof 
their  full  length  on  each  lateral  face,  most  prominent  near  center  of  segments,  at  whkb 
I>oint8  there  are  a  number  of  brL*^tle8  directed  slightly  to  the  rear.  Ninth  segmeci 
somewhat  cone-shaped,  densely  covered  with  stout  bristles,  ending  posteriorly  in  s 
two-pointed,  chitinous  projection;  just  below  this,  dorsally,  are  two  chitinous  j^puP" 
or  tubercles. 

Stigmata:  Nine  pairs  of  stigmata,  one  pair  in  mesothoracic  region  just  above  and 
slightly  in  front  of  in.«<ertion  of  legs  and  a  pair  to  each  of  the  first  eight  abdomicii 
segments,  very  near  the  anterior  margin  and  just  above  the  lateral  fold.  They  arf 
circular  in  form,  the  thoracic  being  slightly  the  larger. 


Digitized  by 


Google 


THE  TIMOTHY  STEM-BORER. 


THE   PUPA. 


(Fig.  4.) 

From  the  lateral  aspect:  Length  5  mm.,  diameter  in  thoracic  region  1.125  mm. 
Pale  cream  color,  somewhat  acuminate-ovate,  broadly  rounded  at  head  and  thorax. 
Prothorax,  from  the  lateral  view,  triangular,  the  dorsal  surface  being  the  base  of  the 
triangle,  which  is  very  broad  and  convex.  Antenna  passing  upward  at  side  of  eye, 
between  margin  of  prothorax  and  front  femora,  thence  to  dorsum,  curving  backward 
over  base  of  wings.  Wing-pads  long  and  narrow,  covering  posterior  l^s,  with  the 
exception  of  the  last  three  tarsal  joints;  front  wings  nearly  covering  hind  ones. 

From  the  ventral  aspect  (fig.  4):  The  front  of  head  is  in  almost  direct  line  with  the 
body;  mandibles  small  and  not  closed;  palpi  widely  separated  and  extending  beyond 
front  tibifiB.  Femora  of  first  pair  of  legs  directed  dorsally,  tibiae  resting  on  middle  femora; 
first  tarsal  joints  resting  under  tip  of  palpus;  tarsal  joints  then  extending  caudad, 
almost  parallel,  except  last  two  joints,  which  slightly  diverge.  Femora  of  second  pair 
of  legs  parallel  to  femora  df  first  pair,  second 
tibiae,  however,  forming  a  greater  angle  with  their 
femora  than  tibiae  of  first  pair  of  legs;  second 
femora  and  tibiae  resting  upon  wings  for  a  part  of 
their  length;  tarsal  joints  gradually  converging  un- 
til the  last  two,  which  nearly  touch  between 
wing  pads.  Third  pair  of  legs  covered  by  wing 
pads,  with  exception  of  last  two  joints  and  a  part 
of  third;  last  two  parallel,  touching,  and  extending 
to  middle  of  sixth  abdominal  segment. 

Dorsal  surface  of  the  first  six  abdominal  seg- 
ments almost  flat,  and  in  the  third,  fourth,  fifth, 
and  sixth  segments  the  surface  produced  laterally 
into  a  fleshy  fold  projecting  over  side  of  abdomen, 
the  anterior  margin  of  which  is  rounded  and  the 
j>08terior  square,  giving  the  abdomen  a  notched 
appearance;  in  center  of  each  projection  laterally 
is  a  group  of  recurved  bristles. 

Seventh  abdominal  segment  (fig.  4),  from  a 
lateral  view,  cylindrical  anteriorly;  posteriorly 
the  dorsal  surface  is  drawn  out  into  a  long  cone- 
shaped  projection,  the  tip  of  which  extends 
beyond  the  last  abdominal  segment,  resting 
between  its  two  chitinous  spurs;  ventral  surface 
extending  backward  into  a  fleshy  fold  or  lip,  beyond  insertion  of  following  segment. 

Eighth  segment  (fig.  4)  somewhat  cylindrical  anteriorly,  telescoping  into  seventh; 
dorsal  surface  extending  backward  into  a  large  fleshy  projection  or  lip,  almost  filling 
space  between  cone-shaped  projection  of  preceding  segment  and  Y-like  chitinous 
projection  of  following  segment;  a  deep  lateral  notch  or  incision,  but  ventral  projection 
much  shorter  than  dorsal. 

Ninth  segment  (fig.  4)  smallest,  telescoping  into  eighth,  and  extending  posteriorly 
into  a  Y-like  projection,  the  tips  of  which,  inclining  forward,  are  amber-colored, 
chitinous,  and  spinelike. 

Setae:  Numerous  setae  on  ventral  surface  of  abdomen,  on  head,  and  on  prothorax. 
First  abdominal  segments  bearing  a  few  seta?  on  dorsal  surface;  there  is  a  small  trans- 
verse ridge  on  dorsum  of  second  segment,  bearing  a  row  of  setie;  following  four  segments 


Fig.  4.— The  timothy  stem-borer:  a, 
Pupa,  lateral  view;  b,  ventral  view 
of  same;  c,  ninth  segment  of  same; 
d,  setlgerous  tubercle  of  sixth  segment . 
o,  6,  c,  Greatly  enlarged;  d,  more  en- 
larged.   (Original.) 
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bearing  edch  two  recurved,  fan-shaped,  fleehy  elevations  or  tubercles,  increasing  in 
nize  with  each  succewive  Pegment  (fig.  4,  d);  each  elevation  simple  and  bearing  a 
fringe  of  brii^tles  diret^ted  to  the  rear. 

I^ast  three  (segments  bearing  a  number  of  bristles;  cone-shaped  projection  of  seventh 
rather  thickly  studded  and  \suft  segment  densely  covered  with  stout  bristles,  all 
directed  to  the  rear. 

THE    ADULT. 

(Fig.  1.) 

The  description  by  I^e  Con  to  is  as  follows: 

Hind  tibia  with  two  oblique  ridges  on  the  outer  face;  ridges  parallel,  the  anterior 
one  extending  almost  acrow  the  outer  face  of  the  tibia;  first  joint  of  the  hind  tarsi  with 
threi*,  t»econd  with  two  oblique  ridges;  el>'tra  ferruginous,  with  the  suture  and  maigin 
blackinh;  ferruginous,  black  limb  of  the  elytra  very  narrow;  abdomen,  and  sometimes 
the  hiud  coxae  and  pectus,  blackish.    9-11. 

LIFB  HI8TOBY  AND  HABIT8. 

THS  EOO. 

Females  have  never  been  observed  in  the  act  of  oviposition  and 
the  period  of  incubation  of  the  eggs  has  never  been  detennined.  The 
latter  would  be  rather  difBcult  to  obtain,  as  eggs  that  are  deposited 
in  living  plant  tissue  rarely  hatch  after  they  have  been  exposed  to 
the  air. 

As  stated  above,  the  egg  is  usually  deposited  at  and  slightly  below 
the  center  of  the  first  or  second  joint  from  the  top,  within  the  plant 
tissues. 

The  number  of  eggs  that  one  individual  is  capable  of  depositing  has 
not  been  ascertained.  Upon  dissection  females  have  never  been 
found  to  contain  more  than  four  fully  developed  eggs  and  several 
immature  ones,  but  they  probably  deposit  a  much  greater  number 
than  this. 

THE   LARVA. 

Upon  hatching,  the  young  larva  apparently  destroys  the  tissue 
immediately  surrounding  it,  thus  forming  a  minute  cell  or  cavity. 
It  then  eats  its  way  into  the  center  of  the  stem  and  starts  downward, 
tunneling  the  joints  as  it  reaches  them,  and  at  harvest  time  the 
earlier  ones  are  below  the  fourth  joint,  where  they  will  be  out  of 
danger  of  the  mower.  By  fall  they  have  reached  a  point  just  above 
the  bulb. 

THE  MOVEMENTS  OF  THE  LARVA  IN  THE  STEM. 

The  manner  in  which  the  larva  propels  itself  up  and  down  the  stem 
is  very  interesting.  It  can  ascend  or  descend  the  stem,  forward  or 
backward,  apparently  with  equal  facility.  The  maxillae,  which  extend 
beyond  the  mandibles,  the  true  legs,  the  dorsal  tubercles  or  feet,  and 
the  anal  segment  all  play  a  part  in  its  movements.  In  going  forward 
the  abdomen  is  advanced  by  means  of  the  dorsal  tubercles,  which  act 
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as  feet;  the  body  is  then  braced  by  fixmg  the  spines  of  the  anal  seg- 
ment against  the  opposite  wall  of  the  stem ;  the  maxillro  and  tnie  feet 
then  advance  the  thorax  and  head.  By  executing  these  movements 
almost  simultaneously  the  larvsB  can  move  quite  rapidly.  In  going 
backward  the  movements  are  reversed.  The  dorsal  feet  or  tubercles 
and  the  anal  spines  enable  the  larva  to  support  itself  in  the  stem. 

THE  MOVEMENTS  OF  THE  LARVA  OUTSms  THE  STEM. 

Naturally  enough,  as  the  larva  seems  pecuUarly  adapted  for  move- 
ment in  a  small  hollow  stem,  when  it  is  placed  on  a  flat  surface  it 
appears  wholly  at  a  loss  how  to  proceed.  It  arches  its  body  and 
turns  on  its  side,  going  through  the  same  movements  as  though  it 
were  in  a  stem,  but  it  moves  very  slowly.  It  then  turns  on  its  back 
and  tries  to  walk  on  its  dorsal  feet.  By  bringing  all  of  its  knowledge 
of  the  different  ways  of  walking  to  bear  on  the  problem,  it  moves 
slowly,  in  a  drunken  way,  to  a  protecting  object,  if  any  be  near. 

THE   PUPA. 

When  ready  to  pupate,  the  larva  (Plate  I,  a)  reverses  its  position 
in  the  stem  and  ascends  to  a  point  anywhere  between  the  first  joint 
from  the  root  and  the  first  or  second  joint  from  the  top,  depending 
upon  whether  the  timothy  has  been  cut  or  not.  Plate  I,  6,  shows 
a  larva  ready  to  pupate,  just  below  the  second  joint  from  the  root. 
It  probably  locates  most  often  just  above  the  first  or  second  joint 
from  the  root.  It  then  seals  up  the  stem  above  and  below  with 
detritus,  making  a  cell  of  from  1  to  2  inches  in  length.  It  will  reseal 
a  stem  if  interfered  with,  but  if  its  burrow  be  molested  many  times 
it  will  Uve  for  weeks  and  not  pupate,  finally  dying. 

After  inclosing  itself  within  this  cell  the  larva  becomes  sluggish, 
contracts  sUghtly,  and  thickens  perceptibly  in  the  thoracic  region. 
It  soon  casts  its  larval  skin  and  becomes  a  fully  developed  pupa. 
In  Plate  I,  c,  is  seen  a  pupa  in  its  cell  just  above  the  second  joint 
from  the  root.  After  pupation  it  is  a  pale  cream  color,  gradually 
changing  to  a  brownish  tint. 

THE   MOVEMENTS   OP  THE  PUPA  IN  THE   STEM. 

The  movements  of  the  pupa  in  ascending  and  descending  the. 
stem  are  fully  as  compUcated  and  interesting  as  in  the  case  of  the 
larva.  In  moving  up  the  stem,  the  spurs  of  the  last  segment  are 
planted  firmly  in  the  wall;  the  body  is  then  bowed  ventrally  and 
the  spines  of  the  dorsal  tubercles  are  brought  forward  and  fixed 
in  the  wall;  then  by  quickly  releasing  the  anal  spines,  with  the 
long  pointed  pygidium  of  the  eighth  segment,  they  and  the  dorsal 
tubercles  act  as  levers  and  thus  propel  it  up  the  stem.  By  executing 
these  evolutions  quickly  they  can  move  with  considerable  rapidity. 
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They  can,  apparently,  descend  with  equal  rapidity.  By  releagsi^ 
the  anal  and  dorsal  spines  they  are  lowered  by  gravity.  If  the  stem 
be  placed  in  a  horizontal  position,  the  pupa  makes  slow  prc^r?*** 
backward.  The  organs  of  locomotion  are  apparently  not  so  wrfi 
fitted  for  moving  backward  on  a  horizontal  plane. 

THE  MOVEMENTS  OF  THE  PUPA  OUTSIDE  THE  STEM. 

When  removed  from  the  stem  and  placed  upon  a  flat  suirface,  t^ 
pupa  moves  as  uncertainly  as  the  larva  in  the  same  position.  It 
wriggles  constantly,  trying  in  vain  to  fix  its  ''climbers"  into  some^ 
thing  firm,  whereby  it  can  gain  leverage  and  propel  itself  forwanL 
It  will  fix  the  anal  spines  into  the  surface  upon  which  it  rests,  but 
as  there  is  no  surface  opposite  and  near  it  moves  very  slowly  and 
uncertainly. 

THE    ADULT. 

When  ready  to  issue,  the  pupa  is  quite  brown.  The  thin  pupal 
envelope  is  ruptured  along  the  dorsum  of  the  thoracic  region  and 
the  insect  gradually  forces  its  way  out,  after  which  it  gnaws  an 
irregular  opening  at  some  point  in  the  stem  and  emerges. 

The  adult  beetles  are  about  5  mm.  in  length,  of  a  brownish  color, 
and  have  pointed  abdomens.  From  the  lateral  aspect  they  are 
somewhat  crescent  shaped.  They  are  abroad  from  the  latter  part 
of  May  to  the  latter  part  of  June,  depending  upon  temperature  con- 
ditions in  early  spring. 

There  is  but  one  brood  or  generation  during  the  year. 

LIFE   CYCLE. 

LENOTH   OK  THE   SEVERAL  STAGES. 

The  larval  stage  covers  a  period  of  about  11  months.  Nothing 
could  be  learned  about  the  number  of  molts,  as  the  larvie  will  not 
develop  if  their  galleries  are  disturbed. 

The  pupal  stage  varies  from  11  to  16  days,  depending,  appiuiently, 
upon  the  temperature. 

The  adult  beetles  will  live  from  5  to  6  days  in  confinement,  but 
they  will  probably  survive  a  much  longer  period  in  the  open. 

HIBEBNATION. 

The  insect  hibernates  in  the  larval  stage.  About  the  time  freezing 
begins  in  the  fall  the  larvae  are  down  to  the  bulb  or  crown  of  the 
root,  where  they  are  well  protected  from  cold.  They  are  nearly  full 
grown  by  this  time.  Whenever  a  few  warm  days  come,  they  appa- 
rently start  feeding  again.  In  the  spring  thej^  burrow  down  into 
the  juicy  bulb,  where  they  continue  feeding  until  they  become  full 
grown. 
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PABA8ITIC  ENEMIES. 

This  insect  is  apparently  a  very  attractive  host.  Three  species 
of  parasitic  Hymenoptera  have  been  reared  from  it,  all  of  them 
new,  representing  three  genera — two  braconids  and  one  a  chalcidid. 

Messrs.  H.  L.  Viereck^  and  J.  C.  Crawford*  have  kindly  described 
these  parasites,  giving  them  the  following  names:  Heterospilua 
mordeUistense  Vier.,  Schizoprymnus  pMUipsi  Vier.,  and  Merisus 
mordeUistensd  Crawf.  The  descriptions  appear  elsewhere  over  the 
names  of  their  respective  authors. 

In  May  of  this  year,  MordeUistena  uatuUUa  was  found  to  be  very 
abundant  at  Wilmington,  Ohio,  in  timothy;  material  was  collected 
and  sent  in  to  the  laboratory  at  La  Fayette,  Ind.,  for  rearing.  Two 
species  of  parasites  were  reared  from  it,  Heterospilus  mordeUistense, 
and  Merisus  mordeUistense,  Schizoprymnus  phiUipsi  and  Heterospilus 
mordeUistense  were  reared  from  material  collected  at  Richmond,  Ind., 
in  1906  and  1908,  respectively.  The  latter  species  and  Merisus 
mordeUistense  were  reared  at  La  Fayette,  Ind.,  in  1910. 

It  is  very  probable  that  the  parasitic  enemies  keep  the  beetles 
pretty  well  in  check  and  that  this  accounts  for  the  appearance  of 
the  beetles  in  small  numbers  only  in  any  given  locahty. 

BEHEDIAL  HEA8UBE8. 

As  this  insect  has  never  appeared  in  destructive  abundance,  so  far 
as  known,  there  has  been  no  occasion  to  devise  means  of  combating  it. 
If  a  serious  outbreak  should  occur,  however,  a  short  crop  rotation 
should  be  adopted,  allowing  a  field  to  remain  in  timothy  sod  not 
more  than  two  or  three  years,  thus  preventing  this  stem-borer  from 
becoming  well  established.  The  borders  of  the  fields  and  waste  places 
should  be  mowed  frequently  during  the  months  of  Jime  and  July. 
If  this  is  done,  the  larvae  will  not  be  able  to  reach  maturity. 

a  Proceedings  of  the  U.  S.  National  Museum,  vol.  39,  pp.  401-408, 1911. 
&  Proceedings  of  the  Entomological  Society  of  Washington,  vol.  12,  no.  3,  p.  145, 
1910. 
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PAPERS  ON  CEREAL  AND  FORAGE  INSECTS. 


THE  MAIZE  BILLBUG. 

{Sphenophorus  maidis  Chittn.) 

By  E.  O.  G.  Kelly. 
Entomological  Assistant. 

INTRODUCTION. 

There  are  several  species  of  the  genus  Sphenophorus  that  have  been 
reported  as  being  enemies  to  young  corn  in  early  spring.  Heretofore 
these  reports  have  always  been  made  in  connection  with  fields  of 
grass,  timothy  sod,  or  lands  recently  reclaimed  by  drainage,  and  the 
depredations  were  on  the  first  cultivated  crop  following  these 
conditions. 

Dr.  S.  A.  Forbes  «  records  eight  species  of  Sphenophorus  the  adults 
of  which  are  known  to  attack  young  corn.  Dr.  C.  V.  Eiley,  in  the 
report  of  the  Commissioner  of  Agriculture  for  1881  and  1882,  records 
Dr.  L.  O.  Howard's  observations  on  the  habits  and  natural  history 
of  S.  rohustics  and  gives  a  description  of  the  imago,  larva,  and  pupa, 
Dr.  Howard  having  found  and  reared  these  from  specimens  taken 
from  young  corn  plants  at  Columbia,  S.  C.  Dr.  F.  H.  Chittenden, 
however,  in  a  paper  entitled  "  On  the  species  of  Sphenophorus  related 
to  pertinax  Oliv.,  with  descriptions  of  other  forms,'' ^  with  refer- 
ence to  S.  Tohustus^  says : 

This  species  ranges  from  Indiana  and  Michigan  through  Wisconsin,  Minne- 
sota, and  western  Kansas  to  California.  It  Is  a  northern  form,  not  occurring  in 
the  East.  Nothing  appears  to  be  known  of  its  habits,  reference  to  rohustus 
and  Its  injuries  to  com  being  due  to  a  distinct  species,  my  S.  maidis. 

Dr.  Chittenden  had  before  him,  while  describing  S.  maidis,  among 
numerous  other  specimens,  the  one  specimen  from  Columbia,  S.  C, 
reared  by  Dr.  Howard.  According  to  his  statement  maidis  is  a  valid 
species  and  quite  distinct  from  S.  rohustus, 

«  Twenty-third  Report  of  the  State  Entomologist  of  Illinois,  1005. 
*Proc.  Ent.  Soc.  Wash.,  vol.  7,  p.  57,  1905. 
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Dr.  Chittenden  informs  the  writer  that  since  1895  complaints  have 
been  made  every  few  years  in  localities  in  Kansas,  South  Carolina, 
Georgia,  and  Alabama  of  injuries  to  com  by  what  he  believes  to  be 
this  species  of  billbug.  The  species  has  been  quite  generally  confused 
with  Sphenophorus  pertinax  Oliv.  and  S,  rohtistus  Horn,  by  both  of 
which  names  it  has  been  mentioned  in  economic  literature,  more 
esi)ecially  by  the  latter.  It  is,  however,  quite  distinct  from  either, 
in  fact,  different  from  any  billbug  known  to  inhabit  the  United 
States,  and  has  only  recently  been  described  as  new  to  science,  althougii 
Dr.  Chittenden  states  that  it  is  by  no  means  new  as  an  agricultural  foe. 

The  observations  on  the  maize  billbug  (Sphenophorus  maidU 
Chttn.)  given  herein  were  made  by  the  writer  between  June  and 
December,  1910. 

HI8TOBT  OF  THS  8PECIBS. 

The  history  of  this  species,  the  writo:  is  informed  by  Dr.  Chitten- 
den, is,  in  brief,  that  it  first  attracted  attention  in  Alabama  as  early 
as  in  1854;  again  in  the  same  State  in  1880;  in  South  Carolina  in 
1881;  in  Kansas  in  1895;  in  1901  it  again  did  injury  in  Kansas,  and 
in  1903  in  Georgia.  The  fact  that  the  insect,  is  injurious  to  com  m 
both  of  the  active  stages,  larva  and  beetle,  indicates  that  it  is  a 
more  or  less  permanent  pest,  whereas  several  of  our  equally  common 
com  billbugs  will  eventually  disappear  with  the  reclamation  by 
draining  and  the  cultivation  of  the  soil  and  the  consequent  destruc- 
tion of  their  breeding  places. 

In  the  opinion  of  Dr.  Chittenden,  this  is  the  species  described  and 
figured  by  Townend  Glover  in  1855  •  as  the  ^  billbug  "  or  '  com  borer 
(Sphenophoms  ?),''  since  both  description  and  figure  do  not  apply 
to  any  other  billbug  known  to  breed  in  com.  Glover  descrities  the 
beetle  as  from  four-tenths  to  six-tenths  of  an  inch  in  length,  and  of 
a  reddish-brown  or  reddish-black  color,  and  the  rostrum  or  snout 
in  the  figure  can  not  belong  to  any  other  Sphenophorus.  None  of 
the  specimens  which  served  as  models  of  the  drawing  remains  in  the 
Government  collections.  The  billbug  was  reported  as  very  destruc- 
tive to  corn  in  many  parts  of  the  South  and  Southwest,  more  par- 
ticularly along  the  Pedee  River.  Injuries  were  reported  by  Senator 
Evans,  Gen.  Fitzpatrick,  and  Col.  Pitchlynn.  Senator  Evans's 
report  is  as  follows : 

The  perfect  Insect  eats  Into  the  stalk  of  the  corn,  either  below  or  just  at 
the  surface  of  the  ground,  where  it  deiwslts  Its  egg.  After  chauging  into  a 
grub,  the  insect  remains  in  the  stiilk,  devouring  the  substance,  until  it  trana- 
forms  into  the  puim  state,  which  occurs  In  the  same  cavity  in  the  stalk  occu- 
l)4ed  by  the  grub.  It  makes  its  appearance  the  following  spring  in  the  perfect 
state,  again  to  deposit  its  eggs  at  the  foot  of  the  young  com  pbints.     These 

^Agricultural  lteiK>n  of  the  I'atent  Ottice  for  1854  (lS5o),  p.  67.  pi.  4. 
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Insects  destroy  the  main  stem,  or  shoots,  thus  caasing  suckers  to  spring  up,  which 
nsnally  produce  no  grain,  or,  if  any,  of  very  inferior  quality  to  that  of  the 
general  yield.  Swamp  lands  or  low  grounds  are  the  places  most  generally 
attacked. 

Senator  Evans  thus  is,  according  to  Chittenden,  to  be  credited 
with  the  discovery  that  the  larva  develops  in  the  stalk  of  corn  below 
the  ground,  and  not  in  decaying  wood,  as  contended  by  Messrs. 
Walsh  and  Riley  in  later  years.  The  insect  was  said  to  be  very 
destructive  in  Alabama,  from  which  State  the  specimens  chosen  for 
illustration  doabtLess  came,  and  on  the  Red  River  in  Arkansas. 
With  little  doubt  it  was  the  same  insect  operating  in  Arkansas,  as  it 
Is  now  known  that  this  species  ranges  between  South  Carolina  and 
Missouri. 

This  insect  was  observed  in  the  spring  of  1881  by  Dr.  L.  O- 
Howard,  at  that  time  assistant  to  Dr.  C.  V.  Riley,  Entomologist  of 
the  Department  of  Agriculture.  Dr.  Howard  was  at  once  sent  to 
Columbia,  S.  C,  to  investigate  the  injury  being  done  to  corn  by 
*"  billbugs,"  and  the  following  account  of  these  investigations  is 
taken  from  the  report  of  his  observations:" 

The  S9)ecies  found  near  Ck>lttmbla,  S.  C,  is  ;Sf.  robustua  [now  8.  mtMi§],  In 
the  plantatiims  along  the  bottom  lands  of  the  Congaree  River  much  damage  is 
done  by  the  adult  beetle  every  year,  and  the  corn  not  Infrequently  has  to  be- 
replanted  several  times,  as  the  earlier  plantings  are  destroyed.  The  beetles. 
are  flrsl  noticed  in  the  spring  after  the  cora  is  well  up.  Stationing  themselvea 
at  the  base  of  the  stalk,  and  also  burrowing  under  the  surface  of  the  earth 
slightly,  Lhey  pierce  the  stalk  and  kill  many  plants  outright,  others  living  io 
grow  up  stunted  and  dwarfed. 

With  8.  sculpt  His  [zew],  in  spite  of  the  damage  it  has  done,  the  earlier  stages 
remain  unknown,  Walsh  surmising  that  the  larva  breeds  on  rotten  wood,  so 
situated  that  it  is  continually  washed  by  water.  With  this  statement  in  my 
mind  I  was  prepared  to  doubt  the  statement  of  Mr.  W.  P.  Spigener,  of  Columbia^ 
who  informed  me  that  the  "grub  form  of  the  billbug"  was  to  be  found  in  the 
com,  but  a  couple  of  hours  in  the  field  convinced  me  that  he  was  right,  my^ 
previous  idea  liaving  been  that  he  had  mistaken  the  larva  of  Chilo  aaccharalis- 
for  the  weevil  grub.  I  searched  a  field  on  Mr.  Spigener's  plantation,  which  was. 
said  to  be  the  worst  ix)iut  in  the  whole  neighborhood  for  bugs,  for  some  time- 
before  finding  a  trace  of  the  beetle  in  any  stage,  but  at  last,  in  a  deformed 
staik,  I  found  in  a  large  barrow,  about  at  the  surface  of  the  ground,  a  full- 
grown  larva.  After  I  had  learned  to  recognize  the  peculiar  appearance  of  the 
infested  stalks  I  was  enabled  to  collect  the  larvae  quite  rapidly. 

They  were  present  at  this  date  (Aug.  20)  in  all  stages  of  larval  development,, 
but  far  more  abundantly  as  full-grown  larvje.  A  few  were  preserved  in  alcohol 
and  the  remainder  forwarded  alive  to  the  department,  but  all  died  on  the  way. 
Two  pupn  were  found  at  the  same  time;  one  was  preserved  in  alcohol  and  the 
other  forwarded  to  the  department.  The  beetle  issued  on  the  way,  and  from 
this  specimen  we  have  been  able  to  determine  the  species.  From  an  examination 
of  a  large  number  of  injured  stalks  It  seems  evident  that  the  egg  is  laid  in  the 

o  Report  of  the  Entomologist  Department  of  Agriculture,  for  1881  and  1882, 
pp.  13U-140. 
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stalk  Just  at  the  surface  of  the  {?rouud,  preferably  and  oceasiooally  a  little 
below.  The  young  larvs,  hatching,  work  usually  downward,  and  may  be  fotrad 
at  almost  any  age  in  that  imrt  of  the  stalk  from  which  the  roots  are  given  oat. 
A  few  siiecimens  were  found  which  had  worked  apward  for  a  few  inches  into 
the  first  section  of  the  stalk  above  ground,  but  these  were  all  very  large  indi- 
viduals, and  I  conclude  that  the  lan'a  only  bores  into  the  stalk  proper  after 
having  consumed  all  available  pith  below  ground. 

The  pupte  were  both  found  in  cavities  opposite  the  first  suckers,  sarronnded 
by  excrement  compactly  pressed,  so  as  to  form  a  sort  of  cell. 

Wherever  the  larva  had  reached  its  full  size,  the  pith  of  the  stalk  was  found 
completely  eaten  out  for  at  least  5  inches.  Below  ground  even  the  hard  ex- 
ternal iwrtlons  of  the  stalk  were  eaten  through,  and  In  one  instance  everything 
except  the  rootlets  had  disappeared  and  the  stalk  had  fallen  to  the  ground. 

In  a  great  majority  of  instances  but  a  single  larva  was  found  in  a  stalk,  bat 
a  few  cases  were  found  where  two  larvse  were  at  work.  In  no  case  had  an 
var  filled  on  a  stalk  bored  by  this  larva.  The  stalk  was  often  stunted  and 
twisted,  and  the  lower  leaves  were  invariably  brown  and  withered. 

In  one  field,  which  had  been  completely  under  water  for  six  days  in  January, 
the  beetles  were  apinrently  as  healthy  as  in  fields  which  had  remained  above 
water. 

INJUBIES  SINCE   1895. 

The  records  of  reports  of  injury  which  follow,  received  by  Dr. 
Chittenden  during  the  past  decade,  substantiate  the  observations  of 
Dr.  Howard  made  in  1881,  and  add  as  well  to  our  knowledge  of  the 
life  economy  of  the  species. 

In  1895  this  billbug  was  destructive  in  three  localities  in  Kansas, 
complaints  all  being  made  during  the  first  week  of  May.  At 
Cedar  Vale  immense  damage  was  done,  the  insect  "taking  whole 
fields  of  corn,  hill  by  hill.''  Similar  injury  was  observed  at  Dexter 
and  I^on,  these  reports  having  been  made  by  Mr.  Hugo  Kahl  in  a 
letter  dated  July  27,  1898. 

The  following  year  Prof.  F.  S.  Earle  reported,  June  6,  injury  by 
this  species  at  Wetumpka,  Ala.,  on  the  Coosa  River,  where  there  was 
great  complaint  of  it  as  a  destructive  enemy  of  com,  especially  on 
low-lying  bottom  lands.  The  insect  was  well  known  there  as  a  bill- 
bug,  and  was  not  found  on  hilly  land.  It  worked  below  ground,  and 
when  the  stalks  were  not  killed  outright  they  put  out  an  immense 
number  of  suckers.  The  beetles  were  most  destructive  to  early  plant- 
ings, corn  planted  after  the  middle  of  May  being  usually  little 
injured. 

In  1901  Mr.  J.  E.  Williams,  Augusta,  Butler  County,  Kans.,  wrote, 
August  28,  of  injury  to  corn.  Attack  commenced  as  soon  as  the  com 
came  through  the  ground,  and  the  billbugs  ate  and  dug  down  to  the 
kernel  and  devoured  that.  In  larger  com  they  bored  into  the  stalk 
and  wintered  over  in  the  old  stalks,  usually  below  ground.  Whole 
fields  were  destroyed,  the  beetles  remaining  to  continue  their  work  on 
second  plantings.  The  insect  was  known  locally  as  the  "elephant 
bug."     September  G  Mr.  Williams  sent  larvae  and  adults  and  their 
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work  in  the  root -stalks  of  corn.  He  had  observed  that  the  eggs 
were  deposited  in  the  stalks,  and  that  these  serve  for  the  winter 
quarters  of  the  adults;  that  the  beetles  began  work  when  the  corn 
was  about  4  or  5  inches  high  by  inserting  their  beaks  in  the  young 
stalks  just  above  ground.  By  taking  hold  of  the  center  of  the  corn 
and  pulling  it  it  came  out,  as  it  was  nearly  severed  as  from  cutworm 
attack.  Stalks  that  had  been  preyed  upon  by  the  billbug  did  not 
yield  any  amount  of  seed.  No  injury  was  observed  to  crops  other 
than  corn.  Injury  was  only  in  lowlands,  and  the  principal  damage 
was  accomplished  before  the  woody  outer  shell  of  the  stalk  was 
formed.  The  beetles  were  active  chiefly  after  dark,  when  they  trav- 
eled, though  slowly,  from  one  place  to  another.  They  burrowed  in 
the  ground  during  the  day.  They  were  described  as  "  cleaning  up 
everything  as  they  go,  rendering  the  crop  entirely  worthless."  Sep- 
tember 17  another  sending  of  larvae,  pupae,  and  imagos  were  re- 
ceived from  the  same  source.  Out  of  100  stalks  examined  by  our 
correspondent  only  10  were  free  from  the  ravages  of  this  billbug. 
At  this  date  of  writing  the  beetles  were  deserting  the  corn. 

In  1903  a  report  was  received  of  injury  by  what  was  with  little 
doubt  this  species  at  Griffin,  Ga.,  although  no  specimens  were  re- 
ceived, as  in  all  preceding  instances  cited. 

DISTRIBUTION. 

This  insect  has  been  reported,  according  to  Chittenden,^  from 
Augusta,  Kans.  (E.  L.  Williams) ;  Riley  County,  Kans.  (P.  J.  Par- 
rott) ;  Florence,  Kans.;  Dadeville,  Ala.  (S.  M.  Robertson);  We- 
lumpka,  Ala.  (F.  S.  Earle) ;  Columbia,  S.  C.  (L.  O.  Howard); 
Ballentine,  S.  C.  (J.  Duncan) ;  Texas  (Ulke,  1  ex.) ;  Michigan 
(Knaus).  It  has  also  been  reported  from  Texas  (T.  D.  Urbahns), 
and  the  writer  found  it  at  several  points  in  Oklahoma  and  Kansas. 
Owing  to  the  fact  that  representatives  of  the  species  have  been  taken 
in  such  widely  separated  localities,  it  is  very  probable  that  it  occurs 
over  the  entire  territory  between  South  Carolina  and  Texas  and 
northward  to  Kansas  and  Missouri. 

FOOD  PLANTS. 

The  adults  attack  young  corn  plants  and  probably  some  of  the 
coarser  grasses.  Dr.  Howard,  and  later  the  writer,  found  both 
adults  and  larvse  feeding  on  young  corn.  Mr.  Urbahns  found 
adults  at  base  of  swamp  grass  {Tripsacum  dactyloides)  in  consider- 
able numbers,  and  probably  larvae  and  pupa?  of  the  species  in  this 
same  grass  (fig.  8).     Mr.  Urbahns  found  several  Sphenophorus  larvee 
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in  burrows  in  this  swainp  grass  and  two  pupae,  but  failed  to  rear 
them.  Dr.  Chittenden  determined  these  pnpse  as  having  adult  diar- 
acters  of  S.  maidia. 

DBBCBZPnOH  AND  LIPB  HISNSY. 

THE  EGO. 
(Fig.  5.) 

Eggs  were  foimd  by  the  writer  in  southern  Kansas  during  June 
in  punctures  made  especially  for  them   (fig.  7,  5)   in  young  com 

plants.    These    egg    punctures,    which    the 

female  makes  with  her  beak,  are   scarcely 

visible  on  the  outer  surface  of  the  stalk,  bemg 

only  a  slit  in  the  sheath  of  the  plant,  throu^ 

which  the  beak,  and  later  the  ovipositor,  are 

thrust,  the  sheath  closing  readily  when  the 

Pj  ,,^,^      egg  is  deposited   and  the  ovipositcar  with- 

iSphenophorui  maidis) :      drawn.    The  eggs  are  about  3  mm.  long  and 

Sme«.  "JoSi./*"'"'      1  ^^'  ^I^ick,  creamy  white  in  color,  elongate, 

and  somewhat  kidney-shaped,  with  obtusely 

rounded  ends,  being  slightly  more  rounded  at  one  end  than  at  the 

other;  the  surface  is  smooth,  without  punctures. 

In  the  latitude  of  southern  Kansas  eggs  were  laid  in  the  corn  plants 
during  the  month  of  June,  where  they  hatched  in  from  7  to  12  days, 
the  young,  footless  grub  thus  finding  itself  sur-' 
rounded  with  the  choicest  food. 

THE  LARVA. 
(Fig.  6.) 

The  newly  hatched  larvae  are  white,  with  a  light- 
brown  head,  the  head  changing  to  darker  brown 
within  a  few  days.  The  color  remains  white  in  the 
full-grown  larvse,  with  the  head  chestnut  brown. 
The  length  of  full-srown  living  larvae  ranges  from 

1-*     on  ^  *lf         A4rU  ^  4  I     r  Fio.  6.— The  malw 

lo  to  20  mm.  and  the  width  from  4  to  5  mm.  biiibug:  Larrt. 

The  following  description  of  the  full-grown  larva        '^^^  natural 
was  made  by  Mr.  E.  A.  Schwarz  under  the  name  of        ^^' 
S.   rohustua^   from   the   few   alcoholic   specimens   collected   by    Dr. 
Howard  at  Columbia,  S.  C. :" 

Length  12  mm. ;  color  dingy  white ;  head  chestnut  brown,  with  four  vltt»  of 
paler  color,  two  upon  the  occiput,  converging  toward  the  base,  and  one  along 
each  lateral  margin;  trophi  very  dark,  clypeus  paler;  l)ody  fusiform,  strongly 
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curved,  swelling  ventrally  from  the  third  abdominal  Joint  iKWteriorly, -slightly 
recurved  and  rounded  at  anal  extremity.  Head  large,  oblong,  obtusely  angulate 
at  base,  sinuately  narrowed  anteriorly ;  frontal  margin  with  a  sliallow  emarglna- 
tion  between  the  mandibles ;  upper  surface  with  a  median  channel,  the  occipital 
portion  deeply  incised,  with  raised  edges,  continuing  as  a  shallow  impressed  line 
to  the  middle  of  the  front;  on  either  side  an  engraved  line,  commencing  upon 
tlie  vertex,  becoming  deeper  after  crossing  the  branches  of  the  Y  suture,  and 
terminating  at  the  frontal  margin  in  a  bristle-bearing  depression;  sides  and 
vertex  with  several  long  bristles  arising  in  depressions;  antennse  rudimentary, 
occupying  minute  pits  on  the  frontal  margin  at  the  middle  of  the  base  of  man- 
dibles; ocelli  a  single  pair,  visible  only  as  translucent  spots  upon  the  anterior 
face  of  the  thickened  frontal  margin,  outside  of  and  closely  contiguous  to  the 
antennae  from  which  they  are  separated  by  the  branches  of  the  Y  suture,  a  few 
pigment  cells  obscurely  visible  beneath  the  surface;  clypeus  free,  transverse, 
trapezoidal,  with  faint  impressions  along  the  base  and  at  the  sides ;  labrum 
small,  elliptical,  bearing  spines  and  bristles,  a  furrow  each  side  of  the  middle, 
forming  three  ridges,  so  that  the  organ,  when  deflected,  appears  three-lobed; 
mandibles  stout,  triangular,  unarmed,  with  an  obsolete  longitudinal  furrow  on 
the  outer  face;  mazillse  stout,  cardinal  piece  transverse,  basal  piece  elongate, 
bearing  a  palpus  of  two  short  Joints,  and  a  small  rounded  lobe,  furnished  at  tip 
with  a  brush  of  spiny  hairs,  the  lobe  concealed  by  the  labium ;  labium  consist- 
ing of  a  large  triangular  mentum,  excavate  beneath,  and  a  hastate  palplger, 
with  a  deep  median  channel;  labial  palpi  divergent,  separated  by  the  llgula, 
of  two  joints  subequal  In  length;  ligula  represented  by  a  prominent  rounded 
lobe,  densely  cillate  on  the  under  surface.  Thoracic  Joints  separated  above  by 
transverse  folds ;  the  first  wider,  covered  above  by  a  transverse,  thinly  chitinous 
plate;  the  two  following  similar  to  the  abdominal  Joints;  abdominal  Joints 
forming  on  the  dorsum  narrow  transverse  folds,  separated  by  two  wider  folds, 
the  anterior  fold  attaining  the  ventral  surface,  the  second  fold  confined  to  the 
dorsum,  eighth  and  ninth  abdominal  Joints  longer,  excavate  above,  without 
dorsal  folds;  beneath,  the  first  three  Joints  contracted,  the  succeeding  Joints 
enlarged,  the  terminal  Joint  broadly  rounded,  with  anal  opening  upon  a  fold  at 
its  base;  sides  of  each  Joint  presenting  numerous  longitudinal  folds;  stigmata 
very  large,  nine  pairs;  the  first  on  the  anterior  margin  of  the  prothorax,  low 
down  upon  the  sides ;  the  remainder  upon  the  sides  of  the  first  eight  abdominal 
joints,  above  the  lateral  prominences,  beginning  upon  the  first  Joint  at  the 
middle  of  the  side  and  gradually  rising  to  a  dorsal  position  upon  the  eighth 
Joint;  thoracic  and  last  abdominal  pairs  large,  oval;  the  intermediate  pairs 
smaller,  elliptical ;  all  with  chitinous  margins  of  dark-brown  color.  The  notice- 
able features  of  this  larva  are  its  cephalic  vittse,  and  conspicuous  spiracles. 

Upon  issuing  from  the  eggshell  the  young  larvae  are  about  5  mm. 
long  and  2  mm.  thick.  They  at  once  begin  feeding  on  the  tissues  of 
the  young  com  at  the  bottom  of  the  egg  puncture  (fig.  7,  &),  direct- 
ing their  burrowing  inward  and  downward  into  the  taproot.  When 
they  finish  eating  the  tender  parts  of  the  taproot  they  direct  their 
feeding  upward,  continuing  until  full  grown,  allowing  the  lower 
portion  of  the  burrow  to  catch  the  frass  and  excrement  (fig.  7,  a). 
This  burrowing  of  the  taproot  of  the  young  growing  corn  plant  is 
disastrous  to  the  root  system  (PL  I,  figs.  1,  2) ;  the  roots,  first  dying 
at  the  tips,  soon  become  of  little  use  to  the  plant,  allowing  it  to  die 
or  to  become  more  or  less  dwarfed  (PL  II).    The  corn  plants  shown 
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in  Plate  I  were  collected  in  Kansas  and  forwarded,  in  moist  paper. 
to  Washington,  D.  C.,  and  photographed  by  the  official  phot(^niptfr. 
Mr.  L.  S.  Williams,  and  show  the  injuries  more  clearly,  while  Plaie 
II,  photographed  in  the  field,  illustrates  the  effect  on  the  standing' 
com.  Small  plants,  even  those  of  less  than  one-half  inch  in  diameter, 
are  often  recipients  of  eggs  from  which  the  larvae,  on  hatching,  bor- 
row into  the  heart  of  the  plant  and  cut  off  the  growing  bud,  thri 
killing  the  top :  they  then  direct  the  burrowing  downward  only  tc 


Fig.  7. — Corn  plant  showing  result  of 
attack  by  the  maize  biUbiig  :  <i.  Larval 
burrow  containing  pupa  in  natural 
position  :  h.  pf^fi  puncture  containing 
eggs,  a,  Ueduct'd  two-thirds ;  b,  en- 
larged.     (Original.) 


Fio.  8. — Swamp  grass  (Trip$«em9 
dactyloidea).  attacked  bj  tb^ 
maize  billbug.  Reduced  twa- 
thirds.     (Original.) 


devour  the  stub,  leaving  themselves  without  food,  and,  being  fooilt-- 
grubs,  they  of  course  perish.  Plants  of  more  than  one-half  in<- 
diameter  which  become  infested  with  larvre  make  very  poor  gron . 
being  verj^  slender,  rarely  reaching  a  height  of  more  than  2  or  3  f et' 
before  tasseling  (PL  II),  and  do  not  produce  shoots  or  ears.  Tl  «- 
that  do  not  become  infested  until  they  are  half  grown  may  prodi:*: 
small  ears.  Each  larva  inhabits  only  the  one  burrow,  and  if,  o^i  - 
to  any  mishap,  it  becomes  dislodged  from  it,  it  is  powerless  to  n^e- 
tablish  itself.     The  larva  does  not  become  dislodged  from  the  bum'^ 
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Plate  II. 


.    /. 

wKKP- 

P 

i 

FiQ.  1.— Corn  Plant  Injured  by  the  Adult  of  the  Maize  Billbuq  (Sphenophorus 
MAiDis),  Afterward  Attacked  by  the  Larva.  Fiq.  2.— Corn  Plant  Showing  on 
Stalk  the  Effects  of  Feeding  by  Adult  Maize  Billbuqs,  and  Effects  on  Roots 
of  Feeding  by  the  Larv>e.  Fig.  3.— Corn  Plant,  much  Distorted,  Showing 
Suckers;  Final  Effects  of  Feeding  of  Adult  Maize  Billbugs. 

All  flgiire»  about  imtuml  size.     (Original.) 
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Plate  III. 


Corn  Plants  Showing  Effects  of  Feeding  of  Maize  Billbug  in  the  Field. 

Plant  at  left  not  attacked,  the  two  at  right  attacljed  by  larvji-.    Kednccd.     (Original.) 
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of  its  own  accord.  Sometimes  there  are  three  or  four  larvae  in  the 
same  plant,  their  burrows  often  running  into  each  other,  but  thia 
does  not  appear  to  discommode  them  in  the  least,  as  they  can,  and 
usually  do,  all  mature.  In  badly  infested  fields  two  larvae  are  quite 
often  in  the  same  plant,  although  one  is  the  usual  number  and  is 
sufficient  to  ruin  the  plant.  The  larvae  are  easily  managed  in  the 
laboratory;  upon  issuing  from  the  eggshell  they  can  be  readily  han- 
dled with  a  soft  camel's-hair  brush  and  placed  inside  a  section  of 
a  cornstalk,  where  they  will  feed  as  readily  as  upon  the  growing 
plant.  As  soon  as  the  section  of  plant  is  fairly  eaten,  and  before 
decay  sets  in,  the  larvae  must  be  removed 
to  fresh  sections;  keeping  them  thus  sup- 
plied with  fresh  food  they  can  be  reared  to 
maturity. 

The  length  of  the  larval  life  ranges  from 
40  to  50  days,  as  indicated  by  laboratory 
observations  and  checked  by  collections  in 
the  field.  They  begin  maturing  and  pu- 
pating by  the  1st  of  August,  pupation 
reaching  the  maximum  by  the  20th.  and 
with  the  exception  of  a  few  stragglers  all 
are  mature  and  changed  to  pupa)  by  the 
1st  of  September. 

THE    PUPA. 

(Fig.  9.) 

The  larvae,  on  finishing  their  growth, 
descend  to  the  lower  part  of  the  burrow, 
to  the  crown  of  the  taproot,  cutting  the  pith 
of  the  cornstalk  into  fine  shreds  with  which 
they  construct  a  cell  where  they  inclose 
themselves  for  pupation. 

The  newly  issued  pupae  are  white,  becom- 
ing darker  after  the  fourth  or  fifth  day,  and 
continue  to  darken  until   just  before  the 
adults  issue.     The  adults  are  reddish  black  in  color, 
living  pupae  ranges  from  16  to  20  mm. 

The  following  description  of  the  pupa  was  made  by  Mr.  E.  A.. 
Schwarz,  of  the  Bureau  of  Entomology,  under  the  name  of  S.  ro- 
hustua^  from  the  single  individual  collected  by  Dr.  Howard  at 
Colimibia,  S.  C.:** 

Average  length,  17  millimeters.  Stout,  rostrum  reaching  between  first  pair 
of  tarsi.     Antennse  but  slightly  elbowed   and   reaching  not  quite  to  bend  of 


Fig.  9 — The  maize  billbug: 
Pupa :  a,  ventral  view ;  6^ 
dorsal,  view ;  c,  anal  seg- 
ment ;  df  thoracic  spiracle ; 
e,  abdominal  spiracle,  a,  h^ 
Twice  natural  size ;  c,  d,  e» 
greatly  enlarged.  (Origi- 
nal.) 


The  length  of 


^  Loc.  cit.,  p.  142. 
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iiDterfor  femora  and  tibbe.  EjtB  scarcely  diaoenilble.  Face  with  tbree  pairs 
of  shallow  tubercles,  the  basal  pair  the  largest,  and  each  giving  rise  to  a 
Rtlff,  brown  hair.  Other  minute  pilif^rous  tubercles,  especially  near  the  po»- 
terfor  dorsal  border  of  the  abdominal  joints,  being  very  stout  on  the  preanal 
joint,  or  pygidinm,  where  they  form  two  series  of  qnadrldentate  ridgep. 

To  Mr.  Scbwarz's  description  the  following  may  be  added: 

Lateral  view:  Body  oblong,  thickest  at  mMdie;  thorax  depressed  amteriorly; 
abdomen  cylindrical,  tapering  from  seventh  segment;  thoracic  pair  of  spiracles 
very  prominent  (fig.  9,  tf),  first  five  pairs  of  alMlominal  spiracles  prominent  (fiiz. 
0,  c),  the  three  on  the  reor  segments  not  prominent  Elytra  t^ort,  curving 
ventrally  between  middle  and  hind  legs,  reacdiing  tarsi  of  hind  leg,  coverin* 
ui)])er  half  of  femur  of  hind  leg;  middle  teg  resting  on  elytra.       • 

The  pupa?  occur  mostly  during  the  latter  part  of  August  and  first 
part  of  September  and  are  always  to  be  found  in  their  cells  in  the 
larval  burrows  near  the  crown  of  the  taproot  and  nearly  always 
below  the  surface.    The  pupal  period  is  from  10  to  12  days, 

THE  ADULT. 

(Fig.  10.) 

The  adults  are  \^ry  large,  robust,  and  reddish  black  when  newly 
issued,  changing  to  black  when  older.  The  original  description  by 
Chittenden o  is  given  here: 

Body  two-fifths  as  wide  ns  long,  of  robust  appearance  because  of  the  sub- 
quadrate  thorax,  which  is  nearly  as  wide  as  the  elytra;  general  color  black  cir 
piceous,  moderately  shining;  alutaceous  deposit  on  unelevated  surfaces  incoo- 
spicuous,  appearing  to  be  normally  dark  rufous  or  piceous  velvety  when  the 
extraneous  argillaceous  covering  does  not  persist 

Rostrum  three-fifths  the  length  of  the  thorax,  considerably  arcuate,  strongly 
subequally  compressed,  apex  prolonged  at  the  posterior  angle  with  an  acute 
spine,  producing  the  appearance  of  greater  curvature  of  the  inner  surface,  base 
feebly  protuberant,  moderately  dilated^  anterior  fiice  of  apex  broadly  deeply 
concave;  surface  minutely  punctate,  more  distinctly  and  densely  at  base,  base 
moderately  deeply  channeled  with  distinct  deep  interocular  puncture  and  short 
impressed  line. 

Thorax  longer  than  wide,  fully  three-fourths  as  long  as  the  elytra,  sides  usu- 
ally widest  just  in  front  of  middle,  anterior  third  suddenly  and  very  strongly 
arcuate  and  constricted  at  apex,  posterior  two-thirds  or  three-fourths  sobparaUel. 
or  gradually  narrowing  to  the  base  which  is  feebly  bialanate.  Vitte  feebly 
elevated,  tending  toward  obsolescence,  moderately  finely  but  distinctly  and 
sparsely  punctate,  more  coarsely  and  densely  at  the  ends;  median  vitta  extend- 
ing from  a  fine  line  and  rapidly  widening  to  a  point  just  in  front  of  the  middle 
where  it  is  broadly  dilated,  then  more  abruptly  narrowed,  extending  in  a  nar- 
rower line  to  near  the  base;  lateral  vittse  sinuous  with  a  tendency  to  beconn* 
Confluent  with  the  median  in  the  apical  half,  generally  a  little  wider  in  basal 
half  but  narrower  than  the  median,  branch  wide  but  ill-defined;  interspaces  and 
surface  at  sides  coarsely  fovea te-punctate,  punctures  becoming  confluent,  espe- 
cially posteriorly  at  sides.     Scutellum  deeply  broadly  concave. 
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Elytra  Jittle  wider  than  tlie  thorax;  stria;  usiialJy  deep  and  well  defined, 
distinctly  closely  punctate;  inter\'als  with  first,  third  and  fifth  elevated,  with 
two  or  more  series  of  rows  of  fine  punctulatlon ;  first  or  sutural  with  basal 
third  trlserlately,  posterior  two-thirds  blseriately  punctulate ;  third  widest  and 
most  elevated,  with  four  or  five  rows  of  fine  punctulations ;  fifth  blseriately 
punctulate;  seventh  little  or  not  at  all  more  elevated  than  the  remaining  inter- 
vals ;  intervals  2,  4,  6,  8,  as  also  7,  more  coarsely  and  closely  uniseriately  punctu- 
late. Pygidium  deeply,  coarsely  and  rather  sparsely  punctate,  with  sparse 
golden  yellow  hairs  proceeding  from  the  punctures  and  forming  a  diort  t«ft 
each  side,  frequently  abraded. 

Lower  surface  coarsely  and  rather  densely  punctate,  scarcely  less  strongly 
at  t1»e  middle  than  at  the  sides,  punctures  largest  at  the  middle  of  the  meta- 
thorax.    Punctures  of  the  metepistema   (side  pieces)   more  or  lees  confluent. 
Second,  third  and  fourth  abdominal  segments 
nearly  uniformly  punctured  throughout,  like 
the  legs. 

S . — First  abdominal  segment  very  con- 
cave; pygidium  truncate  at  apex. 

$ . — First  ventral  scarcely  different ;  pygid- 
ium narrowed  and  rounded  at  apex. 

Aside  from  the  differently  shaped  pygidium 
and  the  slightly  shorter  and  less  compressed 
rostrum  there  !s  little  difference  between  the 
sexes. 

Length.  10-15  mm.,  width,  4.5-6.0  mm. 

The  adults  begin  to  issue  about  the 
middle  of  August  and  continue  to  do  so 
until  the  middle  of  September.  Some 
of  them  leave  the  pupal  cell,  but  most 
of  them  remain  there  for  hibernation. 
The  adults  that  leave  the  pupal  cell  in 
the  late  summer  disappear;  continued 
search  in  every  situation  until  Decem- 
ber failed  to  reveal  a  single  individual. 
It  is  evident  that  they  left  the  cornfield  in  which  they  developed, 
and  it  is  very  probable  that  they  found  their  way  to  some  dense, 
coarse  grass  {T,  dactyloides) ^  which  is  abundant  in  the  locality, 
The  adults  hibernating  in  the  pupal  cells  issue  from  them  in  late 
spring,  about  the  time  young  corn  is  sprouting.  The  beetles  are 
rarely  obser^'ed  on  account  of  their  quiet  habits  and  because  they 
are  covered  with  mud — a  condition  which  is  more  or  less  common 
among  several  species  of  this  genus  and  is  caused  by  a  waxy  exuda- 
tion of  the  elytra,  to  which  the  soil  adheres.  The  presence  of  the 
adults  of  this  species  in  a  cornfield  is  made  evident  by  the  withering 
of  the  top  leaves  of  very  young  com  plants,  the  plants  having  been 
severely  gouged.  The  adults  kill  the  small  plants  outright  and  in- 
jure the  larger  ones  beyond  repair.  After  the  plants  grow  10  to  15 
inches  tall  they  do  not  kill  them,  but  gouge  out  such  large  cavities 
in  the  stalks  that  they  become  twisted  into  all  sorts  of  shapes  (PL  I, 


Fio.  10. — The  maize  billbiig  :  Adult. 
Four  times  natural  size.  (Origi- 
nal.) 
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fig.  3).  The  attacked  plants  sucker  profusely,  affording  young, 
tender  growth  for  the  beetles  to  feed  upon,  even  for  many  days  after 
the  noninfested  plants  have  become  hard.  The  corn  plants  injured 
by  -S'.  jna'idk  resemble  somewhat  com  plants  injured  by  the  lesser 
corn  stalk-borer  {Diafra-a  mcrharalis)^  and  are  easily  distinguished 
from  plants  injured  by  the  smaller  species  of  Sphenophorus  owing 
to  the  fact  that  the  punctures  of  the  smaller  species  are  not  always 
fatal  to  the  plants,  which,  however,  in  unfolding  their  leaves,  show  a 
row  or  series  of  rows  of  round  or  oblong  holes  in  them. 

The  females  issuing  from  hibernation  feed  on  young  corn  for  a 
few  days  before  beginning  to  deposit  their  eggs.  The  egg  punctures 
are  made  by  the  female  in  the  side  of  the  cornstalk  (fig.  7,  h)  be- 
neath the  outer  sheath.  These  ^gg  punctures  are  not  injurious  to 
the  plants,  being  only  small  grooves,  about  5  nmi.  long  and  3  mm. 
deep,  in  which  the  eggs  snugly  fit. 

KTJICBEB  OF  aENE&ATIONS. 

There  is  only  one  generation  a  year.     The  eggs  occur  throughout 

June,  larvae  from  early  June  until  September,  pupae  from  the  first 

part  of  August  until  the  last  part  of  September,  and  adults  froci 

the  middle  of  August  until  the  first  part  of  August  of  the  following 

year. 

RECORDS  OF  DEPREDATIONS. 

The  depredations  of  this  species  have  probably  been  confused  with 
that  of  other  species,  the  first  and  only  known  record  of  its  attack 
on  young  corn  being  that  made  by  Dr.  Howard,  at  Columbia,  S.  C 
During  the  season  of  1910  both  adults  and  larva?  were  numerous  in 
cornfields  in  lowlands  in  southern  Kansas  and  northern  Oklahoma, 
doing  serious  damage  in  some  instances.  They  were  frequentlr 
found  in  uplands,  but  not  in  injurious  numbers. 

REMEDIAL  MEASURES. 

The  knowledge  of  the  hibernating  habits  of  the  insect  suggests  an 
effective  remedy  in  the  pulling  up  and  burning  of  the  stubble,  whiA 
is  also  the  most  practical  means  of  destroying  the  lesser  com  stalk- 
l>orer  (Diatnr^a  sat  chat  al  is) ,  The  beetles  remain  in  the  taproot  of 
the  corn  plants  until  spring,  allowing  the  farmer  abundant  time  to 
destroy  them.  Care  must  be  taken,  however,  in  pulling  up  the 
infested  stalks  or  else  they  will  break  off  above  the  beetle*  leaving 
the  pest  in  the  ground.  The  infested  stalks,  having  a  very  poor 
root  system,  are  easily  pulled.  Spraying  the  young  corn  plants  with 
arsenical  fluids  at  the  time  the  beetles  are  making  their  attack  is  a 
very  laborious  procedure  and  not  very  effective. 
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and 

T.  H.  Parks,  Entomological  Assistant. 

INTBODUCTION. 

Cliinch  bugs  have  long  been  a  pest,  and,  especially  so  in  the  Middle 
Western  States.  During  the  last  two  years  especially,  Kansas,  Okla- 
homa, and  parts  of  Missouri  and  Illinois  have  suffered  great  losses 
from  their  ravages. 

Owing  largely  to  a  lack  of  knowledge  of  the  habits  of  the  chinch 
bug,  farmers  are  at  a  loss  for  remedies;  the  tried  and  successful  tar 
lines  and  dust  barriers,  crudely  used  by  them,  to  prevent  the  bugs 
from  entering  their  com,  being  often  appUed  without  success. 

The  "white  fungus^*  or  '^fungus  disease'*  of  chinch  bugs  (Sporo- 
trichum  glohvJiferum) ,  as  it  is  commonly  known  among  farmers,  has 
been  carefully  observed  and  the  conclusion  reached  that  under  ordi- 
nary' farm  conditions  it  can  not  be  reUed  upon  to  afford  inmiediate 
protection. 

This  paper  has  been  written  for  the  purpose  of  giving  the  farmers 
information  regarding  the  habits  of  tliis  insect,  and  tlie  most  effective 
metliods  of  combating  it.  Field  observations  on  tliis  pest  in  Kansas, 
Oklalioma,  and  Missouri  were  begun  during  the  spring  of  1907  and 
continued  till  March,  1911,  Mr.  C.  N.  Ainshe  and  Mr.  Paul  Hayhurst 
making  observations  in  1907,  and  the  senior  author  from  the  spring 
of  1908  to  July,  1911,  assisted  by  the  junior  author,  who  also  did  the 
photograpliic  work,  during  the  year  ending  with  July,  1910. 

DISTRIBUTION. 

The  cliinch  bug  is  widely  distributed  over  the  United  States  as  well 
as  in  parts  of  Canada  and  in  Mexico.  Tlie  accompanying  map 
(fig.  11)  sliows  its  distribution  west  of  the  Mississippi  River.  It  is 
[^specially  destructive  over  portions  of  Minnesota,  Iowa,  Missouri, 
Arkansas,  Texas,  Oklalioma,  Kansas,  Nebraska,  and  South  Dakota, 
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aiul  in  i>iirts  of  Illliiom.  Prof.  T.  I).  A.  Cockerell  found  a  few  speci- 
mens of  botli  tlie  long- winged  and  tlie  short- winged  forms  at  Mesilla 
Park,  N.  Mex.;  Messrs.  E.  A.  Schwarz  and  H.  S.  Barber,  of  this 
bureau,  found  a  few  short-winged  forms  at  Hot  Springs,  Yavapai 
County,  Ariz.;  Mr.  Greorge  I.  Reeves  foimd  some  long-winged  forms 
in  soutliwestem  Wasliington;  and  Mr.  Albert  Koebele  and  Dr.  P.  R. 
njer  found  a  few  at  San  Francisco  and  Alameda,  Cal.,  and  also  in 
Ix)wer  California.  Prof.  Herbert  Osbom  found  the  short-winged  form 
at  Sault  Ste.  Marie,  Mich.,  and  Mr.  Herbert  T.  Osbom  found  it  at 
Wellington,  Kans. 


||»we3Tew«  e  60UT^«»N  UMIT  o^  OUTRUCTIVE  OUTBReAKO.        •xLOCAUTIftO  WHMC  CMNCIt  eu«9  HJKVC 
jBSI^tA  OP  GRtATtOT   inf eOTXriOM  DUMM  l90e  AND   I9IO.  ^U^BJM^^OUTOlO*  OF  MttLA    O^  QCMCHA 

Fio.  11.— Map  showing  distribution  of  the  chinch  bog  west  of  the  Mississippi  River,  1911.    (OriKiittL) 
DESCRIPTION  AND  NT7HBEB  OF  OBNE&ATION8. 

Full  descriptions  of  tliis  insect  are  found  in  Bulletin  No.  69  and  in 
Circular  No.  113  of  tliis  bureau  and  will  not  be  repeated  here. 

There  are  two  principal  generations  annually  in  the  Middle  West: 
the  spring  generation  and  the  fall,  or  liibemating,  generation,  and  a 
partial  tliiid  generation  sometimes  occurs  in  late  fall  to  the  south- 
ward. 

MIQBATIONS. 

The  hibernating  bugs  (fig.  14)  issue  from  their  winter  quarters  as 
soon  as  the  sun  warms  up  the  grasses  in  the  spring,  and  fly  out  to 
green  grasses  and  young  wheat  and  barley,  where  they  feed,  mate, 
and  deposit  their  eggs.  The  eggs  (fig.  13  a,  6)  begin  to  hatch  in  late 
April  and  continue  hatching  until  June,  varying  with  the  seasonal  tem- 
perature and  the  latitude  of  the  locahty  affected.     Tlie  young  bugs 
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Plate  IV. 
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Fig.  1.— Corn  Plant  Killed  by  Chinch  Bug.    (Original.) 


^'-.-«*i. 


Fig.  2.— Chinch-Bug  Ravages  in  Cornfield  in  Southern  Kansas,  1910.    (Original.) 


Fig.  3.— Cornfield  Adjoining  Wheat  Field  from  which  Chinch  Bugs  Migrated  in 
Immense  Numbers  at  Harvest  Time.    (Original.) 

RAVAGES    OF    THE    CHINCH    BUG    (BLISSUS    LEUCOPTERUS). 
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hatching  from  these  eggs  constitute  the  spring  generation  (fig.  1 3  c,  e,/,  g) 
and  are  the  ones  that  do  such  enormous  damage  to  wheat  and  young 
com.  Some  of  this  generation  reach  maturity  as  they  are  migrating 
from,  wheat  to  com,  but  most  of  them  reach  the  com  (seje  fig.  12) 
before  maturing  and  do  much  damage  thereto.  It  is  because 
the  immature  bugs  reach  the  young  corn  in  such  immense  numbers 
and  mass  upon  the  plants  that  they  do  such  widespread  damage 


Fio.  12.— Com  plant  about  2  feet  tall,  Infested  by  chinch  bugs.    (Original.) 

(see  PI.  IV),  their  depredations  ceasing  as  they  reach  maturity.  Only 
on  rare  occasions  is  an  entire  cornfield  devastated,  and  often  the  dep- 
redation is  brought  to  an  abrupt  standstill  within  a  few  rods  of  the 
opposite  margin  of  the  field  because  the  bugs  have  reached  maturity 
and  dispersed.  During  July  and  August  the  insects  mate,  and  the 
eggs  for  the  second  generation  are  deposited  about  the  com  plants, 
where  the  young,  on  hatching,  find  an  abundance  of  eateily  accessible 
food.  Some  of  tliis  generation  reach  maturity  (see  fig.  14)  before 
the  com  becomes  dry,  and  migrate  to  volunteer  wheat,  but  most  of 
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Fio.  13. — Chinch  bug:  a,b,  Eggs;c,  newl](  hatched  larva, or 
nymph;  d,  its  tarsus;  e,  larva  aftCT  first  molt;/,  same  after 
second  molt;  g,  last-stage  larva;  the  natural  sices  indicated 
at  sides;  h,  enlarged  leg  of  perfect  bug;  J,  tarsus  of  same, 
still  more  enlarged;  {,  proboscis  or  beak,  enlarged.  (From 
Riley.) 


tliem  are  forced  to  seek  their  food  elsewhere.  Tliey  usually  find  this 
in  kafir  cane  fields,  and  among  some  of  the  grasses,  where  they  reach 
maturity.    From  here  they  go  to  winter  quarters  before  cold  weather. 

STATUS  OF  THE   CHXKCH-BTJG  P&OBLEH  IN  KANSAS,  KISSOUBI 

AND   OKLAHOMA. 

That  theseasons  of  1907  to  1910have  been  favorable  for  thedevelop- 
ment  of  chinch  bugs  in  Kansas,  Missouri,  and  Oklahoma  is  indicated  by 

reports  of   injury  to  crops 


received  during  these  years. 
The  prevalenceof  the  pest 
and  its  depredations  depend 
upon  meteorological  condi- 
tions to  agreat  extent,  as  has 
been  discovered  by  ento- 
mologists in  the  past,  and 
this  fact  is  clearly  brought 
out  by  the  observations 
herein  recorded  and  made 
during  the  four  seasons  from 
1907  to  1910,  inclusive. 
The  bugs  were  very  numerous  in  wheat  fields  in  the  early  spring 

of  1907  and  deposited  numbers  of  eggs  on  the  young  wheat  plants. 

Much  wheat  had  been   destroyed  by  the  ** green  bug"  (Toxoptera 

graminum  Rond.)  during  the  spring,  and  many  farmers  had  plowed 

uj)  their  fields  and  planted  them  to  corn;  sometimes  they  did  not  use 

the  gang  plow,  but  planted  the  com  with  a  combination  lister  and 

planter.     There  were  large  numbers  of  eggs 

and  young  of  chinch  bugs  on  this  more  or  less 

dead  wheat  that  was  plowed  under,  and  ap- 
parently very  few  were  destroyed  during  the 

operation  of  preparing  the  ground  for  planting 

the  corn.     As  soon  as  the  corn  plants  pushed 

through  the  soil  they  were  attacked  by  the 

young  chinch  bugs,  with  the  result  that  a  large 

amount  of  young  corn  was  ruined  by  them. 
In  the  fields  of  wheat  that  had  not  been 

plowed  under  in  the  spring  there  w^ere  also 

numbers  of  bugs,  and  at  harvest  time  these 

found  their  way  to  other  fields  of  young  com, 

where   they   inflicted  considerable  damage. 

The  summer  and  fall  were  favorable  for  their 

development^  and  great  numbers  went  into  hibernation  in 

The  spring  of  1908  opened  the  first  week  of  March  with  warm,  dry 

weather  and  a  deficiency  of  moisture  which  was  alarming  for  this 

season  of  the  year  and  which  had  a  telling  eflFect  on  young  wheat. 

The  chinch  bugs  flocked  to  the  young  wheat  from  their  winter  quar- 


Fio.  14.— Chinch  bug  (Bttwfw  len- 
arptenuy.  Adult  of  long^winged 
form,  much  enlarfed.  (From 
Webster.) 
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ters,  and  very  soon  their  ravages  were  in  evidence.  By  the  middle 
of  April  the  plants  were  turning  to  a  red  color,  and  the  stems  were 
black  and  dry  from  their  attacks,  very  few  plants  escaping,  some 
plants  having  as  many  as  200  bugs  massed  on  them.  Very  few  eggs 
had  been  deposited  up  to  the  middle  of  April,  but  from  this  time  on 
until  May  1  eggs  were  abundant. 

The  eggs  began  to  hatch  about  the  1st  of  May,  and  in  one  week's 
time  the  wheat  fields  were  swarming  with  tiny  red  bugs,  much  of  the 
wheat  dying  from  their  severe  attack  combined  with  the  effects  of 
lack  of  moisture.  However,  the  situation  was  soon  rapidly  changed, 
for  rains  came,  and  by  the  Ist  of  June  there  was  hardly  a  living 
bug  to  be  found,  either  young  or  adult,  but  there  were  numbers  of 
unhatched  eggs  left  unharmed  on  the  plants.  The  wheat  partially 
outgrew  this  damage  and  made  a  fair  crop,  while  the  young  com 
escaped  injury. 

Many  eggs  hatched  after  the  rains  ceased,  and  the  bugs  from  these 
^gs,  together  with  the  few  that  survived  the  drenching  rains  of  May 
and  June,  succeeded  in  getting  to  the  com,  where  they  bred  in  large 
numbers.  By  September,  having  left  the  Indian  com,  which  at  this 
time  was  becoming  dry,  the  young  bugs  were  plentiful  oh  cane  and 
kafir.  These  bugs  matured  on  the  cane,  kafir,  and  succulent  grasses, 
and  large  numbers  went  into  hibernation  in  the  fall  among  the  grasses. 

The  spring  of  1909  was  quite  late  in  opening.  A  big  snow  on 
March  8  remained  on  the  fields  until  March  20,  and  for  several  days 
afterwards  the  ground  was  alternately  wet  and  frozen.  During  the 
last  two  days  of  March  there  was  bright,  warm  sunshine,  and  the  bugs 
began  to  move  about.  On  April  3  the  bunches  of  sedge  grass,  Andro- 
pogon  8copariu8,  in  which  the  insects  hibernated,  resembled  living 
masses  of  crawling  bugs,  and  before  nightfall  great  swarms  were  flying; 
this  continued  during  the  next  few  days,  and  the  wheat  fields  had 
now  become  badly  infested.  The  chinch  bugs  commenced  mating 
very  soon  after  reaching  the  wheat  fields,  and  in  a  few  days  egg 
laying  began.  Eggs  were  very  numerous  about  wheat  plants  by 
April  22,  some  were  hatching,  and  by  May  1  young  bugs  were  abund- 
ant. The  massing  in  large  numbers  on  single  plants,  which  was  so 
noticeable  in  the  spring  of  1908,  was  entirely  lacking  in  1909;  seldom 
were  there  more  than  a  dozen  bugs  on  a  plant,  although  nearly  every 
plant  was  infested. 

The  entire  month  of  April,  together  with  the  first  ten  days  of  May, 
1909,  were  exceedingly  dry  and  wheat  suflFered  from  lact  of  moisture. 
There  was  no  noticeable  injury  to  the  young  wheat  from  attacks  of 
the  old  hibernating  bugs  and  not  much  from  the  combined  attack  of 
both  the  old  and  yoxmg  bugs,  until  the  first  week  of  May,  when  the 
wheat  failed  rapidly,  owing  to  the  great  number  of  the  insects  and 
the  lack  of  moisture.  Here,  again,  heavy  rains  of  four  days  (May 
8465**— Bull.  95,  pt.  a— 11 2 
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11-14)  checked  their  ravages  and  killed  great  numbers  of  both  the 
young  and  the  old  bugs.  The  rains  were  light  from  May  15  to  27, 
and  during  this  interval  the  young  chinch  bugs  became  very  abundant. 
On  some  wheat  plants  there  were  -as  many  as  240  young  bugs,  while 
other  wheat  plants  were  free  from  them;  infested  wheat  plants 
turned  yellow  and  died,  owing  entirely  to  the  effects  of  their  attack. 
The  heavy  downpour  of  rain  on  the  night  of  May  27  buried  thousands 
of  chinch  bugs  in  the  loose  soil  and  again  put  a  temporary  check  on 
their  ravages.  This  rain  was  the  last  one  of  any  importance  imtil 
the  night  of  June  22.  By  June  8  most  of  the  bugs  had  changed  to  a 
brown  color  and  few  red  ones  remained  among  them;  several  ^gs 
were  observed  on  wheat  roots.  By  June  14  the  young  chinch  bugs 
were  very  abundant  on  the  stems  and  leaves  of  wheat,  and  300  to  500 
bugs  per  tiller  were  counted  on  several  plants,  which  were  turning 
white  and  dying  before  the  grain  had  matured.  The  ground  was 
covered  with  moving  insects  but  in  no  instance  were  the  chinch  bugs 
leaving  the  wheat  fields.  Five  days  later  the  wheat  was  prematurdy 
'' ripened''  through  insect  attack  and  the  hot  sunshine.  The  '^ ripen- 
ing" grain  forced  them  to  seek  food  elsewhere  and  on  June  21  they 
began  to  migrate  from  wheat  to  com.  The  grains  in  the  heads  of  the 
severely  attacked  tillers  were  small  and  considerably  shriveled,  while 
grains  in  heads  which  had  not  been  attacked  were  full  size  and  plump. 
Great  numbers  which  were  migrating  on  June  22  were  temporarily 
checked  by  a  light  shower,  only  to  continue  the  movement  as  soon  as 
the  grass  became  dry.  At  night,  however,  a  very  heavy  beating  rain 
fell,  bur3ring  millions  of  bugs  of  aU  ages  and  sizes  in  the  mud.  The 
mud-covered  bugs  nearly  aU  died  and  those  not  dead  by  the  next  day 
were  found  stuck  fast  in  the  mud.  The  ground  dried  out  by  noon  of 
June  24,  and  the  bugs  that  were  not  killed  by  the  rain  continued 
migrating  toward  the  cornfield.  In  an  area  of  4  square  feet  in  a 
wheat  field  there  were  2,411  dead  chinch  bugs,  some  of  them  buried 
one-half  an  inch  in  the  soil.  In  an  area  of  10  square  feet  in  the  same 
field  there  were  only  244  Uving  chinch  bugs,  all  of  which  were  moving 
toward  an  adjacent  cornfield  where  they  collected  in  masses  on  the 
outer  rows. 

The  weather  was  quite  diy  during  the  next  few  weeks  and  tlie  bugs 
did  considerable  damage  to  young  com,  some  fields  being  almost 
devastated.  The  bugs  b^an  to  transform  to  adults  about  July  5, 
and  their  ravages  ceased  within  a  week  thereafter.  There  were 
hordes  of  adult  bugs  scattered  throughout  the  cornfields,  and  these 
were  mating  and  depositing  eggs. 

By  the  middle  of  August,  when  most  of  the  com  had  matured  and 
dried,  there  were  again  great  numbers  of  young  bugs  on  the  com 
plants  even  under  the  outer  husks  below  and  about  the  bases  of  the 
ears;  the  greener  plants  were  much  infested.     The  cpm  now  b^an 


Digitized  by 


Google 


CHINCH   BUG   WEST  OF   MISSISSIPPI  RIVER.  29 

to  get  too  dry  to  afford  them  food  and  they  began  migratmg  to  kafir, 
sorghuni;  and  grass  fields,  killing  all  crab-grass  and  panic  grass  in  the 
cornfields  before  they  left  them.  Some  bugs  were  observed  in 
alfalfa  fields  but  at  no  time  were  they  feeding  on  the  alfalfa. 

During  October  and  early  November  several  chinch  bugs  were 
observed  on  young  wheat  and  a  few  eggs  and  young  larvae  of  the  third 
generation  were  observed.  They  did  not  damage  the  wheat  during 
the  late  fall,  and  by  the  middle  of  November  had  left  the  wheat  fields 
for  winter  quarters. 

The  kafir  and  cane  were  green  until  the  middle  of  September,  and 
great  numbers  of  chinch  bugs  were  feeding  on  these  two  crops  at  this 
time  when  the  crops  were  harvested.  They  remained  on  these  plants 
and  were  put  into  the  shock,  where  they  were  observed  on  several 
occasions  during  the  faU,  but  they  all  left  before  cold  weather  set  in. 

During  early  fall  a  few  bugs  were  to  be  found  in  nearly  every  situa- 
tion on  the  farm — some  in  com  husks,  some  in  alfalfa  fields  under 
the  leaves,  and  some  among  sparsely  growing  grasses,  but  most  of 
them  were  in  the  bunches  of  clump-forming  grasses  along  fences, 
roadsides,  and  railroad  rights  of  way,  in  waste  places,  and  in  meadows. 
That  the  weather  conditions  of  the  summer  and  fall  were  the  most 
favorable  for  the  chinch  bugs  is  indicated  by  the  vast  numbers  that 
went  into  winter  quarters.  Some  of  the  bunches  of  the  red  sedge 
grass  (Andropogon  scoparius)  contained  from  10,000  to  20,000  bugs, 
this  grass  affording  them  the  most  attractive  and  favorable  hibernat- 
ing quarters. 

The  severe  cold  weather  of  December,  1909,  was  disastrous  to  bugs 
that  failed  to  reach  some  of  the  clump-forming  grasses,  and  very  few 
bugs  in  com  husks  and  among  thin  grasses  survived  the  winter. 

SOUTHERN  KANSAS  AND  NORTHERN  OKLAHOMA,  1910. 

In  southern  Kansas  and  northern  Oklahoma  the  spring  of  1910 
opened  the  last  week  of  March  with  warm,  dry  weather.  The  chinch 
bugs  b^an  to  migrate  to  the  wheat  fields;  on  March  24  the  air  was 
full  of  flying  adults  and  by  March  26  the  wheat  fields  were  badly 
infested.  The  weather  turned  much  warmer  about  April  1 ,  the  chinch 
bugs  began  mating,  and  by  April  10  were  depositing  eggs  about  the 
wheat  roots;  by  April  20  the  eggs  were  very  abundant — hundreds 
on  the  exposed  roots  of  every  plant.  Not  many  eggs  hatched  during 
April  and  the  first  10  days  of  May  on  account  of  the  cool  weather, 
but  they  hatched  profusely  during  the  next  few  days,  so  that  by  May 
20  the  fields  were  overrun  with  myriads  of  very  young  chinch  bugs. 

Wheat  throughout  southern  Kansas  and  northern  Oklahoma  had 
been  severely  winterkilled,  which,  together  with  the  exceedingly 
diy  spring,  left  the  plants  in  a  very  weakened  condition.  The  soil 
was  so  dry  during  April  and  May  that  the  small  amount  of  rainfall 


Digitized  by 


Google 


30  PAPEB8  ON   CEBfiAL.  AND  FORAGE  INSECTS. 

was  of  little  value.  The  ground  was  badly  cracked,  exposing  ihe 
wheat  roots  to  the  hot  sun  and  dryuig  winds  and  these,  together 
with  the  bugs,  killed  a  great  many  plants.  Wlieat  was  so  badly  killed, 
mostly  by  meteorological  influences,  that  by  May  1  thousands  of 
acres  had  been  abandoned  and  com  planted  in  its  stead.  The  young 
bugs  and  eggs  were  Uttle  molested  by  the  operation  of  com  planting 
and  as  soon  as  the  sprouting  com  pushed  through  the  soil  hundreds 
of  bugs  were  ready  for  every  plant.  Some  such  fields  were  even  planted 
tlie  third  time  only  to  furnish  food  for  these  hungry  insects.  The 
bugs  would  crawl  from  beneath  several  inches  of  loose  soil  and  be 
ready  to  attack  the  young  plants  as  soon  as  they  appeared. 

Such  wheat  as  was  not  abandoned  made  a  poor  growth  on  account 
of  drought  and  was  severely  damaged  by  the  chinch  bugs,  great 
numbers  of  which  were  on  every  plant,  so  tliat  by  June  10  they  had 
sapped  the  life  from  them.  As  the  wheat  and  grasses  were  killed 
by  the  drought,  the  bugs  were  forced  to  abandon  wheat  fields  and 
hunt  for  food  elsewhere.  The  com,  which  had  made  very  poor  growth 
up  to  tliis  time  on  account  of  the  lack  of  moisture,  was  very  small 
and  weak  when  the  bugs  reached  it,  and  this  early  attack  by  the  young 
chinch  bugs  resulted  in  the  devastation  of  thousands  of  acres  before 
the  bugs  became  mature.  On  reaching  maturity  they  abruptly 
dispersed  and  their  depredations  were  brought  to  an  end. 

Young  bugs  of  the  second  generation  became  numerous  the  first 
week  of  August  on  the  cornstalks  under  the  sheaths  and  under  the 
outer  husks  of  the  ears.  Com  leaves,  stalks,  and  husks  of  ears  were 
dry  by  the  middle  of  August  and  bugs  were  moving  out  of  these  into 
fields  of  kafir  and  sorghum,  both  of  which  suflFered  under  their 
attack,  many  fields  being  laid  waste  by  September  1.  Owing  to 
the  continued  drought  throughout  the  fall  the  Indian  com,  kafir, 
cane,  and  grasses  died  leaving  the  chinch  bugs  without  sufficient  food 
supply,  with  the  result  that  of  the  vast  horde  of  bugs  hatching  in 
August  comparatively  few  survived  to  go  into  winter  quarters. 
During  September  and  October  a  few  young  chinch  bugs  matured  on 
volunteer  wheat,  later  depositing  a  few  eggs  for  a  partial  third  genera- 
tion. No  damage  was  done  to  wheat  by  these  few  insects,  although 
some  of  them  remained  on  or  about  the  wheat  plants  till  cold  weather 
set  in.  There  were  not  nearly  so  many  chinch  bugs  in  the  bunches 
of  grass  in  the  fall  of  1910  as  in  the  fall  of  1909. 

KANSAS,   1911. 

As  previously  indicated,  the  fall  of  1910  was  very  dry  and  i^heat 
failed  to  sprout  in  Kansas  and  Oklahoma.  The  winter  of  1910-11 
and  the  spring  of  1911  continued  dry,  very  little  rain  falling  during 
the  entire  j>eriod  till  the  last  of  May,  1911.     Tliis  extended  drought 
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affected  both  crops  and  chinch  bugs  to  sucli  an  extent  that  wheat  was 
almost  a  failure  and  ihe  numbers  of  the  bugs  were  greatly  reduced. 
The  winter  wheat  which  was  seeded  in  September  and  October,  1910, 
was  seeded  in  a  yeiy  dry  soil;  very  Uttle  of  it  sprouted.  A  few 
locaUties  were  favored  with  a  shower  of  rain  in  September  wliich 
sprouted  the  grain,  and  the  bottom  fields  along  the  rivers  and  creeks 
contained  enough  moisture  to  sprout  the  grain  and  produce  a  fair 
crop.  As  a  result  of  the  drought,  however,  very  httle  wheat 
matured  on  the  uplands. 

The  chinch  bugs  went  into  hibernation  in  a  very  weakened  condi- 
tion because  the  grasses  had  dried  up  in  the  fall.  Many  of  them  did 
not  reach  their  usual  winter  quarters  but  stopped  in  almost  any  place 
they  could  find.  Many  hibernated  in  trash  in  alfalfa  fields  where  a 
small  percentage  succeeded  in  Uving  through  the  winter.  The  death 
rate  of  hibernating  bugs  was  greater  than  in  any  previous  winter 
included  in  this  study;  in  some  of  the  bimches  of  Andropogon  60  per 
cent  of  the  bugs  were  dead.  When  the  first  warm  days  of  spring 
occurred  the  few  bugs  that  were  left  were  very  inactive  and  tlie 
migration  to  green  fields,  which  had  been  so  noticeable  in  former 
years,  was  lacking.  However,  there  was  a  migration  during  some 
very  hot  days  in  the  latter  part  of  April — over  a  month  late.  The 
dying  of  the  bugs  during  the  winter  was  probably  due  to  two  causes, 
one  being  the  starved  condition  of  the  bugs  when  they  went  into 
liibemation  and  the  other  the  hot  days  during  the  winter  followed  by 
the  very  cold  days  in  the  spring.  During  these  hot  days  in  the  middle 
of  winter  the  bunches  of  grass  would  be  swarming  with  the  bugs  and 
the  very  next  day  the  thermometer  would  register  8  to  10  degrees 
below  zero.  In  spite  of  all  these  adverse  conditions  many  of  the 
bugs  hved  to  infest  the  fields  in  the  spring. 

The  failure  of  wheat  caused  the  farmers  to  plant  other  crops  in 
many  of  these  fields,  but  some  of  them  were  left  standing  until  May 
in  the  hope  that  a  crop  would  be  produced.  The  bugs  reached  the 
few  fields  that  were  left,  damaged  the  plants  considerably,  and  de- 
posited numbers  of  eggs.  Many  wheat  fields  were  seeded  to  oats  after 
the  wheat  failed,  thus  leaving  the  few  wheat  plants  growing  in  the 
fields  for  the  young  bugs  to  feed  upon.  At  no  time  could  young  bugs 
or  eggs  be  found  on  the  oat  plants.  Notwithstanding  the  fact  that 
numbers  of  farmers  lost  several  plantings  of  com  in  1910  by  planting 
the  infested  wheat  field  to  com,  hundreds  of  acres  of  com  were  planted 
in  such  fields  in  the  spring  of  1911,  only  to  be  destroyed  later.  There 
-were  areas  of  8  to  10  square  miles  that  did  not  contain  an  acre  of 
-virheat  after  the  middle  of  May,  all  of  the  fields  having  been  planted 
to  other  crops.  In  these  localities  where  the  wheat  was  missing  the 
bugs  were  also  missing,  and  where  the  wheat  was  plentiful  the  bugs 
-veere  very  plentiful  and  did  considerable  damage  to  adjacent  com. 
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It  is  very  apparent  that  wheat  has  a  decided  effect  on  the  presence 
of  tlie  cliinch  bugs,  as  indicated  in  the  localities  where  the  wheat  was  a 
failure  this  spring. 

The  dry  weather  had  its  effect  on  the  fungus,  Sporotrichurn  globuHr 
ferum^  and  it  has  not  occurred  in  the  fields  this  season  (1911).  Only 
onc«  has  it  been  possible  to  secure  it  in  the  laboratory.  Continued 
search  has  been  made  for  it  in  all  kinds  of  places,  especially  after  the 
rains  in  May  and  in  July,  beyond  which  latter  month  this  record  does 
not  extend. 

HZBB&NATION. 

* 

At  the  beginning  of  the  investigation  the  advisability  of  getting 
rid  of  the  chinch  bugs  before  they  entered  the  young  wheat  in  the 
early  spring  was  very  evident,  for  when  once  they  have  reached 
tliere  they  are  not  readily  accessible.  This  led  to  a  series  of  observan 
tions  on  their  hibernating  habits  for  the  purpose  of  detennining  the 
places  preferred  by  the  bugs. 

The  current  belief  that  most  of  the  bugs  pass  the  wmter  beneath 
com  husks,  among  cornstalks,  in  fence  rows,  under  boards  and  rails, 
in  heaps  of  rubbisli,  in  straw  stacks,  along  hedgerows,  and  in  fodder 
shocks  is  not  borne  out  by  investigations  in  Kansas  and  Oklahoma 
following  a  severe  winter.  When  the  bugs  are  very  abundant,  as 
they  were  in  Kansas,  Missouri,  and  Oklahoma  during  the  fall  of  1909, 
a  few  may  be  found  in  any  of  these  situations,  especially  in  the  early 
fall.  The  most  of  the  bugs  find  their  way  to  thick  bunches  of  cliunp- 
forming  grasses  in  waste  places,  in  pastures  and  meadows,  and  along 
roadsides  and  railroad  rights  of  way.  During  late  fall  and  early 
winter  great  numbers  of  living  bugs  can  be  found  in  com  husks, 
fodder  shocks,  piles  of  kafir,  cane,  and  in  most  any  place  covered  with 
vegetation — even  in  alfalfa  fields  where  they  find  no  food.  In  the 
spring,  however,  very  few  living  bugs  but  many  dead  ones  can  be 
found  in  such  situations,  indicatmg  that  most  of  them  died  there. 

They  find  much  better  protection  in  the  thicker  and  more  dense, 
than  in  the  thinner  grasses  and  under  trash  in  open  fields.,  The  bugs 
seem  to  prefer  the  tliicker  grasses,  though  they  are  quite  often  found 
in  other  situations,  and  after  open  winters,  as  the  one  of  1910-11, 
many  living  ones  can  be  found  under  very  thin  protection.  Many 
Uving  chinch  bugs  were  taken  from  trash  collected  in  an  alfalfa  field 
and  some  were  found  in  com  fodder  and  com  husks  lying  on  the 
ground  on  February  24,  1911,  at  Wellington,  Kans.,  though  most  of 
the  chinch  bugs  are  at  this  time  in  the  thick  bunches  of  sedge  gra^. 

The  situation  in  southern  Ulinois  for  the  spring  of  1911  was  quite 
similar  to  that  in  southern  Kansas;  there  were  abundant  clumps  of 
Andropogon  along  roadsides,  in  fields,  and  in  woodlands,  and  more 
chinch  bugs  were  found  in  tlieso  clumps  of  grasses  than  in  trash, 
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under  boards,  or  in  any  other  place.  There  were  not  a  great  many- 
bugs  in  any  one  place,  however,  and  it  would  be  rather  difficult  to 
make  a  conclusive  comparison  between  the  two  widely  separated 
localities,  although  the  indications  are  that  the  majority  of  the  bugs 
seek  the  thick  grasses  in  which  to  hibernate. 

The  destruction  of  the  hibernating  chinch  bugs  is  of  much  impor- 
tance; it  has  been  discussed  frequently  and  is  strongly  recommended 
by  entomologists  throughout  the  United  States.  As  the  methods  of 
farming,  the  prevailing  crops,  and  the  wild  grasses  vary  in  diflfereht 
locaUties  where  chinch  bugs  occur,  the  places  of  hibernation  may  also 
vary  considerably. 

Mr.  C.  L.  Marlatt,  of  this  bureau,  in  an  article  on  the  hibernation  of 
chinch  bugs,**  has  the  following  to  say: 

In  nearly  every  account  of  the  chinch  bug  which  I  have  Been,  stresB  has  been  placed 
on  the  hibernation  of  the  adult  in  rubbish  of  any  sort,  such  as  piles  of  com  fodder,  hay 
piles,  straw  piles,  and  dried  leaves  along  hedgerows.  In  course  of  very  careful  inves- 
tigation carried  on  in  Kansas  during  a  year  of  excessive  abundance,  I  failed  entirely 
to  find  any  basis  for  the  above  supposition.  Repeated  careful  search  throughout  the 
late  fall  and  winter  failed  to  discover  a  single  living  chinch  bug  in  such  situations. 

Failing  to  find  them  in  the  situations  noted,  I  carried  the  examination  further  and 
finally  discovered  what  is  probably  the  normal  hibernating  place  of  the  chinch  bug 
in  the  dense  stools  of  certain  of  the  wild  grasses,  such  as  the  blue  stem  and  other  sorts. 
*  *  *  So  marked  is  this  hibernating  habit  that  it  is  reasonable  to  infer  that  it  is  the 
normal  and  ancient  one  of  the  species,  the  natural  food  plant  of  which,  before  the 
advent  of  settlement  and  growth  of  the  cereals,  must  have  been  some  of  our  native 


Mr.  H.  W.  Brittcher,  in  regard  to  hibernation,*  says: 

*  *  *  they  may  frequently  be  found,  more  or  less  closely  crowded,  low  down 
among  the  stems  of  clumps  of  wild  rushes  and  grasses,  often  working  their  way  down 
between  the  stems  and  the  soil. 

He  recoxnmends  burning  the  sedges  in  which  careful  examination 
showed  the  bugs  to  be  abundant.  It  must  be  remembered  that  in 
Maine  it  is  the  short-winged  form  that  prevails  and  is  there  a  grass 
as  well  as  grain  destroying  insect. 

In  regard  to  hibernation,*  Dr.  S.  A.  Forbes,  State  entomologist  of 
Illinois,  says: 

On  the  7th  of  November  a  careful  search  was  made  in  com  that  had  previously  been 
badly  infested  by  them,  but  none  were  to  be  seen  upon  the  stalks  or  under  the  rubbish 
on  the  ground  in  the  field;  in  the  thickly  matted  grass  adjacent  only  a  single  specimen 
was  discovered  by  15  minutes'  search.  On  the  14th  of  this  month  the  weather  was 
cold  and  raw,  and  the  ground  was  frozen  about  the  hills  of  com  from  an  inch  to  an 
inch  and  a  half  in  depth ;  a  very  few  bugs  were  now  found  in  the  crevices  of  the  ground, 
among  the  roots  near  the  surface.  At  Champaign,  on  the  15th,  I  visited  again  the  field 
of  Bogardus  and  Johnson,  making  a  careful  search  for  hibernating  individuals  about  the 

« Insect  Life,  vol.  7,  pp.  232-234,  1894. 

b  19th  Ann.  Rept.  Maine  Agr.  Exp.  Sta.,  1903,  p.  42, 1904. 

ci2th  Ann.  Rept.  State  Ent.  of  111.,  pp.  37-38,  1903. 
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stalks,  under  the  weeds  in  the  Held,  and  beneath  the  rubbish  collected  about  the 
hedgerows.  Not  a  single  specimen  was  found  in  these  situations,  although  every 
temptation  was  afforded  to  hibernating  insects,  and  many  other  species  occurred 
abundantly.  To  what  resorts  the  swarms  which  had  developed  in  these  situatioDs 
had  betaken  themselves  to  pass  the  winter,  I  am  not  able  to  say. 

Prof.  Herbert  Osbora,*  in  giving  a  summary  of  his  observations 
on  the  chinch  bug  in  Iowa  in  1894,  states: 

In  a  great  majority  of  cases,  90  per  cent  or  more,  the  infested  fields  were  directly 
adjacent  to  hedges  or  thickets  or  belts  of  timber,  and  in  75  per  cent  osage-orange  hedges 
were  the  most  available  shelter.  In  about  13  per  cent  of  cases  the  evidence  showed 
hibernation  in  grass  and  weeds  and  in  some  of  these  cases  there  could  scarcely  be  a 
doubt  that  the  hibernating  bugs  were  protected  by  a  heavy  growth  of  grass  or  weeds 
and  that  they  moved  from  these  direc'tly  into  adjacent  fields. 

Prof.  F.  M.  Webster,  of  tliis  bureau,  has  probably  given  the  chinch 
bug  more  attention  tlian  any  other  entomologist  and  has  contributed 
more  to  our  knowledge  of  the  pest.  His  observations  in  Ohio  and 
those  made  by  Prof.  Herbert  Osbom  in  Iowa  are  at  variance  with 
tliose  made  in  Kansas  by  Mr.  Marlatt  and  by  the  writers.  Prof. 
Webster  offers  the  following  explanation  ^  of  their  hibernating  habits 
in  different  locaUties: 

In  Kansas,  where  Mr.  Marlatt  made  his  observations,  there  was  still  too  mucli 
prairie,  and  the  species  was  doubtless  still  adhering  to  its  ancient  habits  of  hibernation. 
In  southern  Ohio  the  author  has  found  it  attacking  the  wheat  in  May,  in  small  isolated 
spots  ov  er  the  fields,  while  there  was  nothing  in  the  least  to  imply  an  invasion  from 
outside,  but  the  wheat  had  been  sown  in  the  fall  among  com,  and  later  the  comstalb 
cut  off  and  shocked,  remaining  in  this  condition  until  the  following  spring.  Tliifl 
occurred  so  frequently  that  there  seemed  no  room  to  doubt  that  the  attacks  had  been 
caused  by  adults  wintering  over  in  the  com  fodder  and  that  these  left  their  winter 
quarters  in  spring  to  feed  and  breed  on  the  grain  growing  nearest  at  hand. 

The  hibernating  habits  of  the  chinch  bugs  have  been  closely 
observed  during  two  seasons  in  Kansas  and  Oklahoma,  and  the  obser- 
vations made  indicate  that  the  bugs  hibernate  there  chiefly  in  dense 
clumps  of  sedge  grass,  principally  those  of  diflFerent  species  of  Andro- 
pogon. 

The  following  data  with  reference  to  the  hibernating  habits  of  the 
chinch  bugs  were  made  by  the  writers  in  southern  Kansas,  and  are 
given  here  to  substantiate  the  above  statement: 

From  Mr.  Hayhurst's  notes  made  in  the  fall  of  1907:  On  October 
26,  at  Winficld,  Kans.,  he  found  active  adult  chinch  bugs  in  stools  of 
broom  beard  grass  (Andropogon  scoparius)  in  great  numbers,  always 
close  to  the  ground.  On  November  1,  1907,  at  Newkirk,  Okla.,  he 
again  found  many  active  bugs  in  the  stools  of  forked  beard  grass 
(Andropogon  furcatus)  close  to  the  ground.  They  were  present  in 
nearly  every  stool  of  this  grass  examined  along  roadsides  and  also  on 
the  open  prairie  where  the  grass  had  been  cut. 

«  Bill.  69,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  pp.  16-17,  1907. 
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At  Wellington,  Kans.,  the  senior  author,  on  October  3,  1908, 
observed  adult  chinch  bugs  flying  and  collecting  in  grass  (Andro- 
pogon)  down  at  the  crown,  and  on  October  12  he  saw  hundreds  of 
bugs  in  some  clumps  of  this  grass  along  roadsides.  During  the  early 
spring  of  1909  hundreds  of  living  adults  were  found  in  clumps  of  this 
same  grass,  where  they  had  evidently  hibernated.     On  November  30, 

1909,  in  this  same  locality  the  authors  observed  some  bunches  of 
Andropogon  scoparius  containing  6,000  to  10,000  bugs  each,  and  on 
November  29,  1909,  they  found  a  few  living  bugs  in  com  husks,  but 
most  all  of  the  bugs  were  in  bunches  of  grass.  Again,  on  December 
22  one  bunch  of  Andropogon  2  inches  in  diameter  was  found  to  con- 
tain 1,508  bugs;  many  bunches  were  8  to  12  inches  in  diameter,  and 
contained  as  many  as  15,000  to  20,000.  Bugs  were  found  only  in 
grasses  that  grow  in  clumps;  none  was  discovered  in  rubbish,  old 
straw  piles,  fodder  shocks,  or  in  sorghum-cane  piles.  Several  dead 
bugs  were  found  in  com  husks,  but  no  living  ones.  A  number  of 
bugs  collected  at  random  from  the  base  of  some  bunches  of  Andro- 
pogon was  brought  into  a  warm  room  to  see  how  many  would  revive. 
There  were  325  living  bugs  and  89  dead  ones,  or  21.5  per  cent  dead. 
None  was  found  in  bunches  of  reed  grass  (Calomagrostis),  Sporobo- 
lus,  blue  grass  (Poa),  or  crab  grass  (Digit aria). 

The  method  for  separating  the  living  chinch  bugs  from  the  trash 
and  dead  bugs  was  a  very  simple  one.  The  bugs  and  bunch  of  grass 
containing  them  were  put  on  paper  in  an  oblong  box,  and  the  box 
placed  in  front  of  a  fire,  where  the  living  bugs  would  readily  crawl  out 
of  the  grass  and  trash  to  the  corners  of  the  box  and  beneath  the  paper. 
Care  was  taken  not  to  heat  the  bugs  to  more  than  100°  F.,  as  a  higher 
temperature  might  kill  them. 

On  December  24  another  lot  of  chinch  bugs,  collected  at  random 
from  clumps  of  Andropogon  and  brought  into  a  warm  room,  gave  755 
living  and  234  dead,  or  23.6  per  cent  dead.  Again,  on  December  29 
a  third  lot  of  bugs  in  clumps  of  Andropogon  was  brought  into  the 
laboratory,  where  the  warmth  of  the  room  soon  revived  them,  and 
they  became  active.  Of  this  lot  of  bugs  20  to  25  per  cent  were  found 
to  be  dead,  probably  from  exposure  to  cold  or  perhaps  from  old  age. 
On  December  30,  corn  husks  and  the  husks  of  fallen  ears,  which  had 
not  been  harvested,  were  searched  for  Uving  chinch  bugs.  Very  few 
were  found  and  none  whatever  about  old  straw  piles.  Very  few  bugs 
died  during  January,  as  indicated  by  observations  during  the  last 
part  of  that  month.  Three  lots  of  bugs  were  collected  from  bunches  of 
Andropogon;  the  first  contained  298  living  and  72  dead  bugs,  or  19 
per  cent  dead;  the  second  contained  137  living  and  35  dead  bugs,  or 
20  per  cent  dead;    the  third,  which  was  collected  on  February  12, 

1910,  contained  a  few  more  than  10,000  counted  bugs,  20  per  cent  of 
which  were  dead. 

8465°— Bull.  95,  pt  3—11 3 
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The  weather  was  somewhat  drier,  but  agricultural  conditions  for 
the  fall  of  1910  were  about  as  those  of  pre^dous  years,  except  that 
vegetation  was  practically  all  dry  before  frosts.  Chinch  bugs  were 
not  nearly  so  numerous  as  in  the  fall  of  1909,  clumps  of  Andropogon 
containing  only  80  to  2G0  bugs  each,  whereas  there  were  thousands 
tlie  previous  winter.  During  the  early  fall  it  was  again  observed 
that  the  corn  husks  were  full  of  adult  bugs,  but  by  cold  weather  these 
were  nearly  all  dead;  the  mild  winter,  however,  permitted  some  of 
these  bugs  to  Uve  through,  and  some  were  aUve  on  February  24, 
1911. 

From  the  foregoing  data,  covering  four  seasons,  there  can  be  little 
doubt  that  in  Oklahoma,  Kansas,  Missouri,  and  probably  southern 
Illinois  these  clump-forming  grasses  form  the  principal  hibernating 
quarters  of  the  pest.  This  definite  knowledge  of  their  habits  puts  a 
most  practical  and  effectual  weapon  into  the  hands  of  the  farmer, 
which  he  may  apply  months  in  advance,  in  defense  of  liis  crops. 

The  farmer  can  readily  determine  whether  the  grasses  on  or  about 
his  farm  contain  cliinch  bugs  by  pulling  open  the  tufts  of  red  sedge 
grass.  (See  PI.  V,  fig.  3.)  K  the  bugs  are  present  in  these  clumps 
of  grasses,  it  is  of  the  utmost  importance  that  they  be  burned.  The 
habits  of  the  hibernating  generation  and  the  migration  of  the  spring 
generation  offer  the  best  opportunities  for  forestalling  and  preventing 
future  ravages. 

PREVENTIVE  MEASTTRES  BECOHMENDED. 
DESTRUCTION  OF  CHINCH   BUGS   WHILE   IN   HIBERNATION. 

The  burning  of  grasses  and  rubbish  about  the  farm  to  destroy 
chinch  bugs  has  been  often  recommended  and  is  doubtless  the  most 
effective  measure  to  be  taken  against  future  ravages  of  the  pest. 

In  the  Southwest  the  chinch  bugs  are  known  to  congregate  in 
bunches  of  grass  in  late  October  and  remain  there  till  the  warm 
days  of  early  spring.  It  is  only  a  matter  of  burning  off  these  grasses 
at  the  proper  time  to  effectually  rid  such  places  of  the  pest,  and  the 
grasses  are  generally  sufficiently  drj'  to  bum  readily  by  the  1st  of 
November.  The  cliinch  bugs  crawd  deep  down  among  the  grass 
stems,  a  few  of  them  even  getting  beneath  the  dust  and  d6bris,  thus 
seeking  protection  from  the  freezes  that  are  to  come.  It  is  very 
important  that  the  grass  be  dry  and  yet  bum  slowly,  so  that  the 
heat  will  thorouglily  penetrate  the  dense  grass  and  reach  the  bugs. 
It  is  not  necessary  for  the  fire  to  come  into  direct  contact  with  the 
bugs  in  order  to  Idll  them,  as  they  died  very  quickly  in  the  laboratory 
when  exposed  to  the  heat  of  a  flame  from  12  to  20  inches  distant,  the 
fatal  temperature  being  in  these  experiments  about  111**  F.  Fall 
burning  of  the  grasses  among  which  the  bugs  are  congregated  has  a 
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Plate  V. 


Fig.  1.— Pile  of  Sorghum  Canes  in  which  no  Hibernating  Chinch  Bugs  could  be 

Found.    (Original.) 


Fig. 2. —Waste  Land  Along  Stream  in  Foreground,  Sedge-Grass  Meadow  in 
Background;  Chinch  Bugs  Found  Hibernating  in  Both.    (Original.) 
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FiQ.  3.— Clumps  of  Red  Sedge  Grass  (Andropoqon  scoparius)  in  which  over  6,000 
Chinch  Bugs  were  Found  Hibernating  During  Winter  of  1909-10.    (Original.) 

HIBERNATION    OF    THE    CHINCH    BUG. 
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twofold  value;  first,  it  will  kill  large  numbers  of  bugs  directly;  and, 
second,  the  bugs  not  killed  by  the  fire  will  be  left  exposed  to  the 
winter  freezes,  which  of  themselves  will  in  ordinary  seasons  kill 
many  of  them.  On  several  occasions  during  fall  and  spring  bugs 
were  removed  from  the  stubs  of  burned  grass  and  the  percentage  of 
dead  and  Uve  bugs  obtaiued.  On  an  average  about  75  per  cent  were 
killed  in  the  fall  and  about  63  per  cent  in  the  spring.  In  the  spring 
about  20  per  cent  of  the  bugs,  which  hibernated  in  the  clumps  of 
grasses,  were  dead  from  exposure  and  other  causes.  From  natural 
causes  and  burning  in  spring,  there  were  about  83  per  cent  of  the  bugs 
dead.  These  percentages  were  obtained  by  actually  counting  the 
insects  and  are  not  from  estimates.  The  fire  can  not  reach  all  the 
bugs,  even  with  the  most  careful  burniug,  because  of  protection 
afforded  by  green  or  wet  steins  in  early  fall  and  late  spring;  therefore 
it  is  essential  that  the  grass  be  burned  during  late  fall  or  early  winter. 
While  this  remedy  is  recommended  above  all  others,  its  effectiveness 
is  entirely  dependent  upon  the  farmers  and  their  cooperation,  and 
it  is  an  easy  matter  for  neighborhoods  to  combine  in  an  effort  to  fight 
the  pest  in  tliis  manner. 

DUST   BARRIERS. 

If  the  bugs  are  not  killed  out  during  hibernation,  the  main  de- 
pendence of  the  com  grower  must  be  in  the  destruction  of  the  bugs 
as  they  migrate  from  the  ripening  small  grain  to  ent^r  the  corn- 
fields. As  soon  as  the  ripening  grain  compels  the  bugs  to  desert  it 
and  they  start  for  the  corn,  a  narrow  strip  of  ground  between  the  com 
and  wheat  should  be  deeply  plowed  and  thoroughly  pulverized, 
making  a  dust  bed.  Then  a  short  block  or  a  triangular  box  should  be 
made  in  form  of  a  sled  with  the  bottom  fitted  with  a  seat  for  a  driver. 
This  should  be  dragged  back  and  forth  in  tliis  dust  bed  until  a  deep 
groove  or  furrow  has  been  made.  If  this  furrow  has  been  well  pre- 
pared, and  the  weather  contiuues  dry,  it  will  prove  an  impassable 
barrier  to  the  progress  of  the  bugs.  In  order  that  this  kind  of  barrier 
may  be  successful,  the  block  must  be  kept  in  constant  use,  from  early 
until  late  and  sometimes  well  into  the  night.  Often,  during  the  migra- 
tion, the  bugs  travel  all  night.  SUght  showers  render  dust  furrows 
useless  and  if  a  shower  is  pending,  and  under  such  weather  conditions, 
it  is  best  to  employ  the  coal-tar  barrier.  Owing  to  the  fact  that  dry 
weather  often  prevails  on  the  plains  during  this  season  the  furrow 
method  under  these  conditions  is  especially  recommended. 

COAL-TAR   BARRIERS. 

The  coal-tar  barrier  can  be  operated  successfully  in  the  Middle- 
Western  States  to  prevent  the  bugs  from  migrating  to  young  com. 
The  success  of  this  measure  depends  on  the  farmer  and  his  careful 
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attention  to  the  tar  line.    Preparations  for  the  barrier  should  be  begun 
in  all  cases  where  the  bugs  are  found  abundant  in  ripening  grain. 
Frequently  the  soil  is  quite  compact  along  the  margins  of  wheat 
fields  and  if  it  is,  a  smooth  path  can  be  readily  fixed  at  the  edge  of  the 
field  next  to  the  com.    If  the  soil  is  not  compact  it  is  well  to  throw  two 
furrows  together,  making  a  ridge,  and  with  a  heavy  block  make  the 
top  of  it  very  smooth  and  compact.    Along  this  smooth  path,  post 
holes  12  to  18  inches  deep  should  be  dug  about  every  20  or  30  feet. 
Get  a  supply  of  coal  tar,  or  if  it  is  more  convenient,  pine  tar  or  crude 
oil,  ready  to  use  as  soon  as  the  bugs  begin  to  travel.    An  old  coffee 
pot  with  the  spout  pinched  so  as  to  allow  a  small  stream  to  flow  is 
convenient  for  putting  the  line  of  tar  on  the  patch.    By  holding  the 
vessel  near  the  ground  a  narrow  line  no  wider  than  a  pencil  can  be 
made,  and  tliis  is  all  that  is  necessary.     The  tar  line  should  strike 
the  post  holes  near  the  middle  extending  directly  around  the  edge  of 
the  hole  on  the  side  next  to  the  com,  leaving  the  edge  of  the  hole 
next  to  the  wheat  free.     When  the  chinch  bugs  reach  the  tar  line 
they  will  not  cross  it  but  will  turn  aside  and  run  or  crowd  each  other 
into  one  of  the  p6st  holes.    As  soon  as  the  holes  are  partially  filled 
with  bugs  a  small  amount  of  kerosene  poured  in  them  will  kill  them. 
Care  must  be  taken  in  putting  the  line  around  the  post  hole  so  that 
the  assembUng  mass  of  bugs  does  not  crowd  over  it.     When  first  ap- 
plied the  material  will  soak  into  the  ground,  but  a  hardened  crust 
will  readily  form  which  will  hold  it  until  it  slowly  dries  out.    The  line 
must  be  closely  watched  and  renewed  as  often  as  the  bugs  be^in  to 
break  over  it.     Wlierever  the  soil  is  sandy  and  very  loose  a  slight  wind- 
storm will  cover  the  tar,  making  passageways  for  the  bugs,  and  under 
such  conditions  the  line  must  be  renewed  quite  often.    A  man  or  boy 
can  care  for  from  80  to  100  rods  of  the  barrier,  but  he  must  stay  with 
it  from  early  till  late.    Ordinarily  the  bugs  will  have  finished  their  mi- 
gration from  wheat  in  10  days.    This  method  is  apparently  costly  and 
troublesome,  but  the  actual  expenditure  of  labor  and  money  is  insig- 
nificant as  compared  with  the  loss  of  the  com  crop  which  may  thus 
be  prevented. 

BEMEDIAL  MEASTJBES. 
DESTROYING   BUGS   WHICH   ENTER   CORNFIELDS. 

After  the  bugs  enter  the  cornfields  they  will  at  first  collect  in 
masses  on  the  plants  of  the  first  two  or  three  rows  and  should  be 
killed  before  they  proceed  farther.  This  can  be  done  in  two  ways, 
by  ap])lying  a  gasoline  torch  and  by  spraying  them  with  specially 
prepared  solutions. 

The  flaming  torch  is  not  altogether  satisfactory  on  account  of  the 
liabiUty  of  damaging  the  plants.     Great  care  must  therefore  be 
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taken  with  the  flame  in  order  to  use  it  safely  and  effectively.  The 
flame  must  be  in  motion  all  of  the  time  while  on  the  plant,  and  gen- 
erally one  blast  will  cause  all  the  bugs  to  fall  to  the  ground,  where 
they  can  be  burned. 

There  are  several'spraying  materials  which  can  be  used  effectively 
against  the  bugs  after  they  have  congregated  on  the  young  com, 
but,  unfortunately,  most  of  these  are  injurious  to  the  plants.  Kero- 
sene emulsion  of  5  per  cent  strength  will  generally  kill  the  bugs  and 
will  not  always  injure  the  com.  The  stock  solution  is  made  by 
boiling  1  pound  of  good  lye  soap  in  1  gallon  of  water,  adding  this  to 
2  gallons  of  kel^osene  and  stirring  the  mixture  with  a  paddle  for  five 
to  ten  minutes.  A  better  way  to  stir  the  mixture  is  to  put  the 
nozzle  of  the  spray  in  the  vessel  and  pump  the  liquid  back  into  the 
vessel  for  five  minutes.  Dilute  the  mixture  to  a  4  or  5  per  cent 
solution  by  adding  soft  water.  Some  of  the  proprietary  spraying 
materials  and  cattle  dips  have  been  used  to  kill  the  bugs  where  they 
have  become  alarmingly  abundant.  One  serious  objection  to  these 
materials  is  that  they  are  very  injurious  to  the  plants.  However,  it 
is  sometimes  better  to  sacrifice  the  first  few  rows  and  save  the  field 
than  to  let  the  bugs  have  their  way. 

X7NSATISFACTOBY  BEHEDIAIi  HEABUIIES. 

GREEN-CORN   BARRIERS. 

Cutting  the  first  half  dozen  or  dozen  rows  of  green  corn  and  making 
a  continuous  pile  along  the  last  row  cut  is  a  method  of  creating  a 
barrier  very  often  employed.  The  green-corn  barrier  is  made  about 
the  time  the  chinch  bugs  begin  to  enter  the  corn.  The  bugs  are 
checked  an  hour  or  two  by  the  com  pile,  but  readily  pass  on  to  the 
fresh,  living  plants. 

The  piles  of  com  plants  afford  shelter  for  the  bugs,  and  often  a 
quart  of  cast  skins  can  be  found  in  a  heap  under  these  piles.  These 
cast  skins  have  often  been  misleading  to  farmers,  inducing  them  to 
believe  that  the  bugs  died  from  eating  the  sour  juices  of  the  cut 
com  or  having  died  from  disease.  A  harrier  of  this  Jcind  is  not  to  he 
recommended. 

PLOWINa  UNDEB  INFESTED  CBOPS. 

As  the  chinch  bugs  in  the  Southwest  do  not  hibernate  in  cornfields, 
plowing  under  of  stalks  and  stubble  in  such  localities  will  be  of  no 
advantage.  It  has  been  repeatedly  shown  that  plowing  under  a  crop 
of  wheat,  rye,  or  barley  badly  infested  with  young  bugs  is  not  effective 
unless  the  plowing  is  deep  and  very  thoroughly  done  and  the  field 
is  immediately  afterwards  harrowed  and  rolled. 
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In  exi>erimonts  conducted  by  Dr.  Forbes  in  1888  *  bugs  buried 
with  wheat  at  a  depth  of  6  inches  were  alive  after  five  days  and  some 
buried  5  inches  came  to  the  surface.  The  earth  was  pax^ked  over 
these  to  imitate  rolling. 

E.  M.  Shelton,''  from  observations  in  Kansas,  writes: 

Chinch  bugs  plowed  under  with  youngvwheat  to  a  depth  of  8  inches  May  ^10 — the 
ground  afterwards  harrowed  and  repeatedly  rolled — ^nevertheleas  emerged  in  enormous 
numbers  (some  having  apparently  hatched  in  the  earth),  escaped  from  the  plots  and 
attacked  adjacent  crops. 

Because  of  the  wheat  being  winter-killed  in  central  and  southern 
Kansas  and  northern  Oklahoma  during  the  winter  of  1909  and  1910 
many  of  the  wheat  fields  containing  young  and  old  bugs  and  eggs 
were  listed  during  April,  at  the  time  when  the  eggs  were  hatching. 
In  many  cases  com  was  listed  directly  into  the  wheat  ground,  tear- 
ing up  the  young  wheat,  but  not  entirely  destroying  all  of  it  between 
the  rows  of  com.  The  eggs  and  young  bugs  were  buried  from  1  to 
6  inches.  The  undestroyed  wheat  was  soon  covered  with  young 
bugs,  which  afterwards  attacked  the  com  as  soon  as  it  appeared 
above  the  ground. 

Even  in  fields  where  no  wheat  was  visible  after  listing  the  com 
was  entirely  destroyed.  There  is  every  reason,  the  authors  believe, 
for  presuming  that  the  eggs  hatched  beneath  the  ground,  and  the 
young,  after  feeding  there,  had  found  their  way  to  the  surface  and 
to  the  corn.  Com  listed  in  fallow  ground  was  free  from  bugs. 
Planting  of  com  in  wheat  fields  badly  infested  with  chinch  bugs  is 
not  advisable,  and  is  generally  attended  by  the  complete  destruction 
of  the  corn.  When  a  badly  infested  crop  is  plowed  under  it  should 
be  followed  by  a  crop  not  affected  by  chinch  bugs,  such  as  cx)wpeas, 
soy  beans,  alfalfa,  or  clover.  Plowing  the  bugs  under  as  a  means  of 
destruction  is  not  recommended  unless  in  connection  with  a  trap 
crop,  the  work  being  thoroughly  done  and  followed  by  harroiiing 
and  rolling  or  otherwise  packing  the  surface  of  the  ground. 

PABASITIC  FTJNOL 
EARLY   OBSERVATIONS. 

The  susceptibility  of  the  chinch  bug  to  a  contagious  fungous  disease 
was  first  observed  by  Dr.  Henry  Shimer  in  Illinois  in  1865.  Since 
that  time  two  fungi  have  been  found,  which  are  credited  with  being 
fatal  to  this  insect.  These  have  been  determined  as  EntomopJUhora 
aphidis  Hoffman,  and  Sporotrichum  glohiUiferum  Speg.  Of  these  two 
fungi,  Sporotrichum  (known  by  farmers  as  * 'fungous  disease"  or 
*' white  fungus '0   appears  the  most  abundant  in  localities  badly 
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infested  with  chinch  bu^,  and  it  is  on  this  fungus  that  most  observa- 
tions have  been  made. 

The  genus  Sporotrichum  includes  a  large  number  of  fungi,  the  most 
of  which  are  purely  saprophytic  (i.  e.,  Uving  on  dead  animal  or  vege- 
table tissues).  According  to  the  best  information  obtainable,  some 
of  these  are  known  to  attack  living  tissues,  causing  their  death,  but 
afterwards  developing  rapidly  on  the  body  of  the  dead  host.  Sporo- 
trichum globvliferum  belongs  to  the  latter  class,  and  is  known  to  occur 
on  insects  belonging  to  the  orders  Coleoptera,  Lepidoptera,  He- 
miptera,  and  also  on  myriapods  (centipedes  and  millipedes).  It  is 
credited  with  eflFectively  attacking  the  elm  leaf-beetle,  the  pup»  and 
adults  of  which  are  found  covered  with  the  fungus,  especially  in  late 
summer  of  a  moist  season.** 

Attempts  have  been  made  in  most  of  the  Central-western  States 
to  grow  this  fungus  under  artificial  conditions,  and  then  introduce 
it  into  fields  badly  infested  with  chinch  bugs,  where  the  fungus  is 
not  known  to  be  present.  With  the  possible  exception  of  the  Kansas 
experiments,  made  by  Dr.  Snow  in  the  early  nineties,  these  attempts 
met  with  little  success.  In  most  cases  some  unfortunate  circum- 
stance always  arose  to  make  the  success  of  the  experiment  imcertain. 
(This  fungus  requires  rather  cool,  moist  weather  for  most  rapid 
development,  and  is  present  in  greatest  profusion  when  the  bugs  are 
exceedingly  plentiful  and  massed  together.)  In  many  of  the  early 
attempts  at  artificial  introduction,  Entomophthora  was  present  as 
well  as  Sporotrichum,  thus  giving  rise  to  some  confusion  concerning 
just  which  fungus  was  credited  with  actually  killing  the  bugs. 

The  most  important  of  these  experiments  are  fully  set  forth  in 
the  reports  of  the  State  entomologist  of  Illinois  and  in  Bulletins  15 
and  69  and  Circular  113  of  this  bureau,  and  therefore  require  no 
extended  discussion  here. 

OBSERVATIONS  BY  THE  WRITERS. 
FIELD   STUDIES   IN   KANSAS   AND   OKLAHOMA. 

It  is  fully  realized  by  the  writers  that  the  determination  of  the  cause 
of  a  disease  is  most  difficult,  and  that  it  requires  extended  laboratory 
research  along  many  different  lines.  To  state  that  this  fungous  disease 
is  the  cause  of  the  mortality  among  the  chinch  bugs,  without  this 
extended  laboratory  investigation,  would  be  entirely  unscientific. 
The  observations  given  here  are  published  for  what  they  are  worth. 

Observations  on  the  habits  and  occurrence  of  the  fungus  were  made 
in  Kansas  and  Oklahoma  during  the  spring  of  1908  and  1909,  and 
the  spring  and  summer  of  1910.  Some  additional  data  were  obtained 
with  respect  to  its  behavior  in  the  field  among  chinch  bugs  of  all  ages 
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and  under  varying  weather  conditions.  Most  of  the  observations 
were  made  in  Sumner  County,  Kans.,  where  the  fungus  had  proba- 
bly been  present  among  the  bugs  in  the  fields  for  a  number  of  years. 
Considerable  fungus  was  present  during  1908  and  1909. 

It  again  appeared  among  the  chinch  bugs  in  southern  Kansas 
during  April,  1910,  and  was  first  observed  in  the  fidds  April  18  on  the 
dead  bodies  of  some  adults  lying  on  the  ground  at  the  base  of  young 
wheat  plants.  From  this  date  the  fungus  gradually  increased,  dead 
adults  covered  with  fungus  being  found  almost  every  day.  The« 
were  always  on  the  soil,  or  slightly  buried  beneath  the  surface,  about 
the  roots  of  wheat. 

During  the  first  week  of  May  the  weather  was  cool  and  rainy,  the 
mean  temperature  of  the  week  being  59^  F.  and  precipitation  0.75 
inch  for  four  days.  The  bugs,  during  this  period,  were  sluggish  and 
sought  shelter  under  blades  of  wheat  or  any  trash  that  ^would  keep 
them  off  the  ground.  Succeeding  this  week  of  wet  weather,  foUowed 
two  hot  days,  with  a  mean  temperatiu-e  each  of  68.5^  F.  and  79.5° 
F.     At  the  end  of  this  period  the  following  note  was  made: 

A  number  of  dead  bugs  were  found  lying  on  the  ground,  their  bodies  whitened  with 
the  fungus.  One  plant  had  7  dead,  fungus-cov^^  bugs  at  its  base.  Xo  young  bvp 
found  covered  with  the  fungus. 

From  notes  of  May  1 8 : 

A  great  many  old  bugs  are  dead  and  covered  with  the  Sporotrichum,  but  failed  to 
find  any  young  bugs  covered  with  this  fungus.  The  dead  bugs  are  on  the  surCace  d 
the  soil. 

About  this  time  the  young  bugs  which  had  hatched  from  the  ^gs 
deposited  in  the  wheat  were  massed  together  about  the  bases  of  the 
wheat  plants.  Where  the  wheat  had  winter-killed,  and  had  been 
torn  up  and  com  listed  into  the  ground,  the  bugs  which  hatched  on 
the  wheat  had  gone  to  the  nearest  com  plants.  Some  stalks  of  these 
plants  were  red  from  the  myriads  of  young  bugs  assembled  upon 
them;  in  no  case  could  any  fungus  be  found  on  these  young  bugs, 
but  there  were  usually  a  few  overwintering  adults  to  be  seen  about 
the  base  of  these  plants,  and  upon  turning  over  a  clod  some  of  their 
dead  bodies  covered  with  Sporotrichum  were  usually  to  be  found. 
Plenty  of  the  fungus  could  be  found  at  this  time  in  wheat  fields  where 
the  adult  hibernating  bugs  were  still  present.  Sporotrichum  grad- 
ually became  more  abundant  during  the  succeeding  days  of  May  and 
early  part  of  June,  the  amount  observed  seeming  to  fluctuate  with 
the  weather,  being  most  abundant  while  it  was  damp  and  cool  and 
checked  by  a  few  days  of  dry  weather.  It  developed  most  rapidly 
in  wheat  fields  during  the  first  10  days  of  June,  while  the  bugs,  both 
young  and  old,  were  migrating  from  the  wheat  to  the  com,  the  fungus 
being  at  this  time  abundant  on  dead  adults  in  contact  with  the  soil 
and  in  some  cases  on  the  bodies  of  young  dead  bugs. 
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At  this  time  attention  was  transferred  from  the  wheat  to  the  corn- 
fields where  very  little  fungus  was  noted,  most  of  the  old  bugs  being 
dead,  and  the  young  ones  seemingly  free  from  any  fungus.  Some  of 
it  could  be  found  on  the  bodies  of  the  adults  about  the  base  of  the 
com,  just  as  observed  about  the  com  which  had  been  listed  in  the 
wheat  infested  with  the  bugs;  none,  however,  could  now  be  found 
above  the  surface  of  the  soil,  all  fungus  being  either  below  or  on 
the  surface  of  the  ground. 

The  bugs  were  now  seriously  damaging  the  corn,  as  will  be  seen  by 
the  following  note  made  on  June  15: 

Bugn^ill  migrating  from  wheat  to  com.  They  are  out  for  40  and  50  rows  on  com 
adjacent  to  wheat.    No  Sporotrichum  is  developing. 

The  farmers  of  Sumner  County  were  informed  of  the  presence  of 
the  fungus  in  this  locality,  through  the  press,  and  by  interviews  with 
them  at  the  laboratory  at  Wellington.  On  June  24,  two  reports 
came  from  the  farmers  that  the  fungus  was  killing  off  the  bugs.  Vis- 
its were  made  to  their  farms,  and  the  ^'^dead  bugs''  proved  to  be  only 
piles  of  cast  pupal  skins,  which  they  had  found  beneath  piles  of  green 
com,  and  bundles  of  wheat  and  oats.  This  same  mistake  on  the 
part  of  the  farmers  was  made  during  the  experiments  of  Dr. 
Snow  in  1891.  In  reports  of  fanners  to  him  we  quote:  *^In  some 
fields  the  bugs  have  been  reported  dead  in  bunches,''  but  he  continues 
''of  the  fields  visited,  no  large  bunches  of  white-fungus  bugs  have  been 
found,  *  *  *  each  bug  had  died  by  himself."  *  This  confusion 
of  the  fungus-killed  bugs  with  their  cast-off  pupal  skins  is  one  fre- 
quently made  by  farmers,  and  such  reports  in  regard  to  the  efficiency 
of  the  fungus  are  very  apt  to  be  erroneous. 

On  June  23  the  bugs  began  to  leave  the  badly  infested  corn,  as 
the  young  had  now  developed  ¥dngs.  By  July  1  they  were  so  widely 
scattered  over  the  com  as  to  give  the  appearance  of  having  left  the 
fields.  In  some  instances  this  apparent  disappearance  of  the  bugs 
was  credited  to  the  fungus  by  those  who  had  not  been  constantly 
watching  them,  several  farmers  reporting  that  the  fungus  had  killed 
their  bugs  because  there  were  so  very  few  to  be  found. 

Heavy  rain  fell  on  July  8  and  10,  but  little  Sporotrichum  could  be 
found  among  the  bugs  in  the  com.  On  July  19  a  few  dead  adults 
located  on  com  leaves  from  1  to  2  feet  above  ground  were  observed 
covered  with  Sporotrichum.  This  was  the  only  case  during  the 
summer  where  the  fungus  was  observed  not  in  contact  with  the  ground. 
At  this  time  an  examination  of  the  wheat  stubble  was  made  and  the 
following  note  made: 

In  pulling  up  wheat  stubble  large  numbers  of  dead  fungus-covered  bugs  were 
found  in  some  places,  the  soil  about  the  wheat  roots  being  speckled  with  the  fungus. 

a  Ist  Report  on  Contagious  Diseases  of  the  Chinch  Bug,  F.  H.  Snow,  1897. 
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Particles  of  the  fungus  were  found  on  dead  adult  bugs  or  a  part 
of  their  bodies — some  masses  of  white  fungus  covering  only  a  broken 
abdomen,  or  a  thorax  with  wing  attached,  by  which  the  insect  was 
identified.  It  appears  that  the  fungus  had  developed  rapidly  on 
fragments  of  bugs  and  entire  bodies  of  the  bugs,  especially  whei 
buried  beneath  the  soil.  The  indications  here  were  that  much  white 
fungus  had  made  its  entire  growth  on  the  dead  bodies  of  the  hibw- 
nating  adults  which  had  migrated  to  the  wheat  fields. 

During  the  last  week  of  July  the  weather  was  hot  and  dry  and 
myriads  of  young  bugs  of  the  second  generation,  now  feeding,  sought 
shade  imder  blades  of  com,  or  beneath  the  clods  at  the  base  of  the 
plant,  but  during  this  time  no  fungus  developed.  This  condition 
prevailed  until  the  middle  of  August,  when  wet  weather  again  set 
in,  and  while  this  did  not  seem  to  increase  the  amount  of  Sporotri- 
chum  present,  plenty  of  the  fungus  could  be  found  in  the  soil  around 
wheat  stubble.  However,  this  fungus  seemed  unable  to  infect  the 
young  bugs  in  the  com  above  ground,  even  where  the  cornfield 
joined  the  wheat  stubble. 

Sumner  County,  Kans.,  seemed  to  be  about  the  center  of  the 
Kansas-Oklahoma  chinch-bug  infestation.  With  a  view  of  finding 
out  whether  or  not  the  fungus  Sporotrichum  was  present  in  other 
places  over  the  infested  area,  as  well  as  to  determine  the  extent  of 
the  infestation,  a  trip  was  made  during  June  of  1910  through  central 
and  southern  Kansas  and  central  and  northern  Oklahoma,  which 
represents  pretty  well  the  area  infested  during  1910  in  this  part  of 
the  Southwest.  Twenty  localities  were  visited,  viz:  Herrington, 
McPherson,  Hutchinson,  Pratt,*  Dodge  (Xty,*  Great  Bend,*  Sedg- 
wick, Wichita,  Winfield,  Arkansas  City,  South  Haven,  Caldwell,  and 
Caney,  Kans.;  Medford,  Enid,  Kingfisher,  Elreno,*  Chickasha* 
Oklahoma  City,*  and  Tulsa,*  Okla.  Sparotridium  glohkdiferum 
was  found  in  every  locality  except  those  marked  with  an  asterisk. 
The  fungus  covered  bodies  of  the  dead  bugs  were  usually  found  lying 
upon  the  surface  of  the  ground  in  wheat  fields  and  in  every  case 
these  were  old  migrant  bugs,  precisely  as  found  in  Sumner  County, 
Kans.  The  seven  localities  where  no  Sporotrichum  was  found  were 
all  on  the  extreme  outer  edge  of  the  infested  area  where  there  were 
very  few  bugs  present.  In  every  one  of  these  seven  localiti^  the 
soil  was  very  sandy,  apparently  not  retaining  moisture  necessary 
for  the  development  of  the  fungus. 

Artificial  inteoduction. — The  fungus  Sporotrichum  globuUferum 
was  already  so  abundant  among  the  bugs  in  Summer  County  during 
^he  summer  of  1910  that  no  attempt  was  made  upon  the  part  of  the 
authors  to  introduce  it  artificially*  It  seemed  useless,  since  the 
amount  already  present  so  far  exceeded  any  amount  which  could  be 
introduced.     However,  a  number  of  farmers  anxious  to  try   this 
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secured  some  Sporotrichum  from  outside  sources  and  introduced  it 
into  their  fields.  These  attempts  were  made  independently  and,  as 
far  as  could  be  learned,  no  satisfactory  results  followed. 

In  the  neighboring  counties  of  Harper  and  Cowley,  Kans.,  and 
Kay  County,  Okla.,  farmers  united  in  spreading  the  fungus  over  their 
fields,  after  having  grown  plenty  of  it  in  boxes  on  their  farms.  This 
experiment  was  tried  very  thorouglily  and  on  a  very  large  scale  in 
Cowley  County,  Kans.,  where  the  farmers  secured  the  fungus  from 
boxes  of  chinch  bugs  at  two  central  stations,  and  after  having  grown 
more  of  the  fungus  in  boxes  on  their  own  farms  spread  the  whole 
over  their  fields  where  the  bugs  were  thickest.  The  distributing 
points  were  Arkansas  City  and  Winfield,  Kans.,  and  about  700  farmers 
secured  fungus  from  the  two  boxes  at  these  points.  This  was  done 
in  early  June,  and  was  followed  by  rainy  weather  just  after  the  fun- 
gus was  placed  in  the  fields.  The  precipitation  record  at  Wellington 
showed  an  aggregate  rainfall  of  0.82  inch  on  June  6,  7,  8,  10,  and  11. 
When  Cowley  County  was  visited  on  June  21  it  had  been  dry  for  a 
week  preceding.  The  central  distributing  points  were  visited,  and  it 
was  learned  that  a  large  quantity  of  Sporotrichum  globuliferum  had 
been  distributed  from  these  boxes.  No  satisfactory  results  were 
reported  to  the  central  station.  Many  of  the  farmers  were  inter- 
viewed, and  in  almost  every  instance  the  lack  of  success  was  attrib- 
uted to  the  dry  weather,  which  prevailed  between  June  12  and  21. 
In  some  localities  every  farmer  had  used  some  of  the  fungus.  Upon 
visiting  the  exact  spots  where  the  fungus  had  been  placed  in  the 
fields  many  bugs  were  found  covered  with  white  fungus;  however, 
the  fimgus  was  as  easily  located  in  places  remote  from  any  artificial 
importation.  The  fungus  was  always  put  out  in  places  where  the 
chinch  bugs  were  massed  together.  In  consequence  of  this  massing 
more  fungus  would  normally  occur  in  these  places  than  elsewhere, 
regardless  of  the  source  of  infection.  The  damage  caused  by  the 
chinch  bugs  was  fully  as  great  where  the  fungus  was  introduced  as  it 
was  in  places  remote  from  these,  and  also  fully  as  great  in  this  locality 
as  it  was  in  Sumner  County,  where  no  fimgus  had  been  introduced. 

The  parties  who  carried  on  this  experiment  were  so  united  in  their 
work,  and  extended  it  over  such  a  wide  area,  that  it  constitutes  one 
of  the  most  satisfactory  field  experiments  ever  carried  out  with  this 
fungus.  From  the  results  obtained  we  arrive  a  step  nearer  the  actual 
position  this  method  should  occupy.  There  can  be  hardly  a  doubt 
that  Sporotrichum  was  present  before  the  experiment  was  tried,  and 
that,  too,  in  sufficient  quantity  to  inoculate  the  healthy  bugs.  Since 
this  failed  to  hold  the  bugs  in  check,  no  artificial  introduction  could 
accomplish  what  nature  failed  in  doing. 

Sporotrichum  has  appeared  during  the  past  three  years  in  this 
part  of  the  Southwest,  and  has  not  been  effective  as  a  natural  enemy, 
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(K'curring  cliiefly  among  the  old  spent  and  therefore  practically 
harmless  bugs  of  the  hibematmg  brood,  they  having  already  per- 
formed their  mission  of  depositing  their  eggs.  Since  the  fungus  is 
so  dependent  on  meteorological  conditions,  it  can  not  be  de{>ended 
upon  to  exterminate  the  chinch  bugs  in  this  region.  Fanners  can 
accomplish  a  great  deal  more  by  employing  methods  more  under 
their  control. 

OFFICE   STUDIES   IN    WASHINGTON,  D.  C. 

The  following  experiments  were  conducted  at  Washington,  D.  C,  by 
the  junior  author  who  did  the  work  on  a  table  in  an  office  room  with 
no  faciUties  for  more  elaborate  experimentation.  He  entered  into 
the  investigation  with  a  view  of  determining  if  the  growth  of  thb 
fungus  is  confined  to  the  dead  bodies  of  the  chinch  bugs  and  other 
insects,  as  the  preceding  field  observations  had,  in  most  cases,  borne 
out  tliis  supposition.  These  experiments  led  to  a  further  study  of  the 
behavior  of  this  fungus  among  living  chinch  bugs,  and  the  results  are 
here  presentiul,  in  the  hope  that  a  better  and  more  clear  understanding 
may  be  had  of  what  was  observed  to  occur  in  the  fields. 

In  these  experiments  the  author  is  greatly  indebted  to  Prof.  F.  M. 
Webster,  of  tliis  bureau,  under  whose  direction  the  w^ork  was  done. 
Also  to  Dr.  Flora  W.  Patterson,  mycologist,  Bureau  of  Plant  Industry, 
for  her  valuable  suggestions  and  kindness  in  determining  the  fungus. 

Sporotrichum  ghbuliferum  was  secured  for  these  experiments  by 
placing  under  a  bell  jar,  on  blotting  paper  kept  constantly  moist, 
dead  bugs  taken  at  Wellington,  Kans.,  from  beneath  leaf  sheaths  of 
cornstalks,  where  they  had  died  the  previous  autumn.  The  fimgus 
was  also  secured  by  placing  on  moist  blotting  paper  dead  bugs  col- 
lected in  clumps  of  Andropogon  scopanus,  where  the  adults  were 
liibemating  but  among  w  liich  no  fungus  was  observed.  From  2  to  4 
of  all  the  dead  bugs  so  treated  became  covered  with  the  white  fimgus 
(fig.  15).  The  fungus  was  obtained  also  from  live  bugs  collected  from 
these  same  stools  of  Andropogon,  confining  the  bugs  in  small  cages  of 
wheat  kept  well  moistened.  Some  of  these  bugs  died  in  the  cages  and 
on  their  bodies,  lying  upon  the  soil,  the  fungus  appeared  and  was  first 
observed  eight  days  after  the  live  bugs  were  placed  in  the  cages. 

During  the  spring  of  1909,  in  the  laboratory  at  Wellington,  Kans., 
the  senior  author  confined,  on  potted,  growing  wheat  plants,  numbers 
of  living  cliinch  bugs  which  were  collected  from  tufts  of  Andropogon 
scoparius.  The  fungus  appeared  on  several  of  the  bugs  which  had 
died  and  were  in  the  soil.  He  also  obtained  the  fungus  on  adult  dead 
chinch  bugs  collected  from  the  tops  of  wheat  blades  and  put  on  potted 
wheat  plants.  In  these  experiments  the  soil  had  been  previously 
sprayed  with  a  weak  solution  of  corrosive  sublimate  for  the  purpose 
of  killing  any  fungus  spores  that  might  have  been  present  in  the  soil 
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in  these  cages,  thus  ehminating  that  source  of  infection.  This  indi- 
cates that  the  spores  of  tlie  fungus  were  ])resent  on  the  bodies  of  the 
living  bugs  and  were  only  awaiting  favorable  conditions  for  germi- 
nation and  abundant  growth.  In  all  such  cage  experiments  the  fungus 
appeared  only  on  the  bodies  of  the  chinch  bugs  that  had  died  in  the 
cages  and  were  lying  on  the  soil. 

In  the  experiments  at  Washington,  D.  C,  it  was  desired  to  obtain 
a  better  knowledge  of  this  fungus  and  its  relation  to  dead  bugs,  in 
order  to  ascertain  to  what  extent,  if  any,  it  will  grow  saprophytically 
upon  their  dead  bodies.  Also  to  observe  the  rate  of  mortality  among 
live  chinch  bugs,  placed  in  cages  and  artificially  inoculated,  as  com- 
pared with  those  under  sim- 
ilar cage  conditions  not  so 
inoculated.  In  the  artifi- 
cial inoculation,  the  fungus 
w^as  applied  by  thoroughly 
dusting  the  bugs  with  the 
spores  of  the  fungus  by 
means  of  a  small  brush,  or 
in  other  cases  by  shaking 
them  about  in  a  vial  con- 
taining the  fungus-covered 
chinch  bugs. 

Experiments    with 

DEAD     CHINCH     BUGS. — To 

determine  whether  or  not 
Sporotrichum  glohvliferum  would  make  its  entire  growth  upon  the 
dead  bodies  of  chinch  bugs,  a  large  number  of  live  bugs,  collected 
from  tufts  of  Andropogon  scoparivSj  and  which  died  while  confined  in 
a  vial,  were  inoculated  artificially  and  their  bodies  placed  on  moist 
blotting  paper.  The  results  of  these  artificial  inoculations  compared 
with  their  checks  are  here  given. 


FiQ.  15.— The  chinch  bug:  Adults  covered  with  "white 
fungus" (Sporotrichum glotmliferum).  Enlarged.  (Origi- 
nal.) 


Inoculation  experiments  urilh  dead  hugs. 


Arlincially  inoculated. 

j                         (hecks. 

Number 
bugs  used. 

Number 

developing 

fungus. 

5 
1 
5 
4 

5 

Per  cent 

which 

developed 

fungus. 

Number 
bugs  used. 

Number 

developing 

fungus. 

Percent 

which 

developed 

fungus. 

25 
25 
25 
25 
40 

20 
4 

20 
10 
12 

100 
200 
25 
25 
1           25 
40 

2 
2 
0 
2 
0 
0 

2 

1 

8 

140 

20           1      14.28        1           415 

1 

6 

1.45 
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From  this  table  it  is  seen  that  wliile  the  check  cages  gave  but  li 
per  cent  developing  the  fungus,  this  percentage  was  raised  to  14J! 
when  the  bugs  were  artificially  inoculated. 

Some  hve  and  apparently  healthy  bugs  were  then  killed  mechaa 
ically  by  piercing  them  with  a  sharp  needle,  their  bodies  then  beiij 
inoculated  with  the  fungus  and  placed  on  moist  blotting  paper. 

Inoculation  experimenU  with  bugs  killed  mechanically. 


Arttfldally  inoculatod. 

Number 
bugs  used. 

Number 

developing 

fungus. 

Percent 

v^iicfa 

developed 

ftmgns. 

25 
35 
25 

4 
3 
3 

16 
a  57 
12 

85 

10 

11.76 

Check. 

50 

0 

0 

Others  were  killed  with  fumes  of  chloroform,  allowed  to  dry  otii 
night,  then  washed  in  distilled  water,  and  treated  as  in  the  prec^rf::^ 
experiment. 

Inoculation  experiments  with  bugs  hilled  with  fumes  of  chloro/onn. 


ArtiflcJally  Inoculated. 

Number 
bugs  used. 

Number 

developing 

fungus. 

Percent 

which 

developed 

fungus. 

20 
25 
20 

6 
5 
6 

30 
20 
30 

05 

17 

26.15 

Check. 

200                    0 

0 

From  those  experiments  with  dead  bugs  it  was  found  that  a  sci 
percentage  of  them  could  be  made  to  produce  Sporotrichurnglohuliftn 
after  inoculation,  with  every  indication  that  the  fimgus  made  its  ^ 
tire  growth  on  their  dead  bodies. 

Experiments  with  live  craNCH  bugs. — ^The  cages  used  in  th 
experiments  consisted  of  a  series  of  small  flowerpots  containing  g?-^ 
ing  wheat,  over  each  of  which  was  placed  a  glass  cylinder.     I3 
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tlxeso  cages  the  living  chinch  bugs  were  placed  and  cheesecloth 
stretched  over  the  top  to  prevent  their  escape.  All  of  the  cages  were 
kept  on  a  table  in  the  office,  which  was  heated  day  and  night,  and  were 
kept  well  moistened  to  promote  the  rapid  development  of  the  fungus. 
The  live  chinch  bugs  which  had  been  dusted  with  the  spores  of  the 
f  imgus  were  then  placed  in  these  cages  and  the  results  compared  with 
check  cages  into  which  were  placed  live  chinch  bugs  not  previously- 
inoculated.  Most  of  the  bugs  were  provided  with  plenty  of  food. 
Some,  however,  were  placed  in  a  cage  containing  no  food  to  see  if  the 
rate  of  mortality  and  appearance  of  the  fungus  were  to  any  extent 
dependent  upon  the  food  supply.  These  experiments  are  here  given, 
with  a  record  of  each  cage  and  its  check. 

Experiments  with  living  chinch  biigs. 
CAGES  CONTAINING  PLENTY  OF  FOOD. 


Cage 
No. 

Number 
bugs 
used. 

Treatment  given. 

Number 

of  days 

experiment 

continued. 

Number 
of  bugs 
which 
died. 

Number 

upon  which 

visible 

fungus 

appeared. 

«\e2 

25 
40 
16 
18 
9 

25 
33 
25 
25 
25 
30 
25 
25 

Inoculated 

Check 

After  14  days  transferred  from  b2a  tu  63a 

14 
14 
24 
24 
24 

22 
22 
31 
31 
35 
39 
30 
30 

11 
0 
15 
17 
0 

18 

4 
20 

4 
20 

4 
17 

5 

7 
0 
11 

*62 

Taken  from  62a  and  inoculated 

82 

83 

90 

89 

93 

92 
108 
108a 

Taken  from  63o  and  placed  in  cage  free  from 
fungus. 

Inoculated 

Check 

....do 

....do 

....do 

....do 

....do 

....do 

11 
0 

CAGES  CONTAINING  NO  FOOD. 


120 

29 
25 

Inoculated 

122 

Check 

18 

27 

21 

18 

5 

0 

The  fungus  always  appeared  about  the  third  day  after  the  death  of 
the  chinch  bug,  and  in  no  case  did  it  appear  sooner  than  six  days  after 
inoculation,  the  bugs  gradually  dying  and  some  remaining  alive  35 
days.  Living  bugs  removed  from  cage  63,  where  the  bugs  were  dying 
and  fimgus  developing,  did  not  die  when  removed  to  another  cage 
away  from  all  infection,  even  though  the  moisture  conditions  were 
about  the  same.  However,  all  of  those  remaining  in  qage  63  died 
and  afterwards  became  covered  with  the  fungus.  This  indicates  that 
the  rate  of  mortaUty  can  be  checked  if  the  bugs  are  removed  from  the 
presence  of  the  fungus. 

As  between  the  inoculation  and  check  cages  there  was  a  marked 
difference  observed  in  the  rate  of  mortality,  for  which  no  cause  other 
than  Sporotrichum  seemed  to  be  responsible,  as  the  death  rate  was 
always  greatest  in  the  inoculated  cages.     The  greatest  mortality  and 
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most  rapid  development  of  the  fungus  appeared  in  cages  where  the 
bugs  had  httle  or  no  food.  In  the  stock  cages  only  a  very  small 
supply  of  the  fimgus  could  be  secured  until  the  food  was  removed, 
when  it  soon  appeared  abundantly  upon  their  dead  bodies  lying  on 
the  soil. 

Conclusions. — From  these  experiments  it  is  apparent  tliat  Sporo- 
trichum  glohdiferum  will  to  a  certain  extent  develop  entirely  upon  the 
dead  bodies  of  adult  chinch  bugs.  However,  the  fungus  was  easily 
secured  in  the  cages  containing  living  bugs  artificially  inoculated, 
particularly  when  the  bugs  in  these  cages  were  given  insuflBcient  food 
supply. 

The  indications  were  also  that  this  fungus  is  communicable  to 
living  chinch  hugs,  but  is  evidently  not  very  effective  in  causing  their 
death  unless  the  bugs  possess  weakened  vitality.  This  being  the 
case,  it  would  be  most  effective  in  nature  against  old  spent  adults 
which  have  laid  their  eggs  and  are  comparatively  harmless,  and  it  b 
upon  these  bugs  that  the  fungus  always  appeared  in  greatest  abun- 
dance, as  borne  out  by  field  observations  during  the  past  tliree  years. 

For  tliis  reason,  as  well  as  its  dependence  upon  favorable  weather 
conditions,  its  practical  efficiency  is  very  questionable;  and  since  it  is 
unable  under  favorable  conditions  of  moisture  and  temperature  to 
rapidly  exterminate  healthy  bugs  confined  in  a  cage  in  the  laboratoiy, 
little  dependence  can  be  put  upon  it  to  be  used  against  the  insects  in 
the  field  when  favorable  moisture  conditions  are  so  apt  to  be  laddng. 

SX710CABY. 

Injuries  due  to  the  chinch  bug  west  of  the  Mississippi  River  are 
chiefly  confined  to  the  States  east  of  the  Rocky  Mountains  where 
wheat  and  com  are  extensively  grown,  the  most  serious  outbreaks 
during  1909  and  1910  occurring  in  southern  Kansas  and  northern 
Oklahoma. 

Tliere  are  two  generations  each  year,  one  during  the  spring,  which 
attacks  the  wheat  and  com,  and  one  during  the  summer,  which  develops 
on  the  com  and  hibernates.  These  last  pass  the  winter  as  adults,  and 
in  the  States  west  of  the  Mississippi  River  prefer  for  hibernation  the 
dense  clumps  of  red  sedge  grass  in  which  they  collect  in  the  fall 
Very  few  survive  the  winter  in  fallen  ears  or  stalks  of  com  during 
severe  cold  winters,  but  may  survive  a  mild  winter.  They  fly  from 
the  sedge  grass  to  fields  of  wheat  during  the  first  warm  days  of  spring, 
where  the  eggs  are  deposited,  and  the  young  hatching  therefrom  feed 
with  the  adults  upon  the  wheat  until  it  has  ripened,  when  they  all 
march  in  a  body  to  the  nearest  cornfield.  The  young  become  mature 
on  the  com  and  lay  eggs  from  which  hatch  the  bugs  that  winter  over 
as  above  stated.     Weather  conditions  have  much  to  do  with  the 
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numbers  that  reach  maturity,  many  young  being  killed  during  a 
period  of  wet  weather  attended  by  hard  dashing  rains.  Dry  weather 
is  most  favorable  to  their  development  in  abundance.  The  injury  to 
wheat  and  com  is  often  severe,  sometimes  resulting  in  almost  com- 
plete destruction  of  the  latter  crop  after  serious  injury  to  the  former. 

During  the  severe  winter  of  1909  and  1910  about  20  per  cent 
of  the  bugs  died  normally  in  the  clumps  of  red  sedge  grass,  where  they 
hibernate. 

Experiments  in  Kansas  made  during  the  winter  of  1909-10  showed 
that  as  high  as  75  per  cent  of  the  hibernating  chinch  bugs  could  be 
killed  by  burning  this  grass.  The  best  time  to  bum  is  in  the  fall,  when 
the  grass  is  as  dry  as  possible.  It  is  not  necessary  that  the  flame  come 
in  actual  contact  with  the  bugs. 

The  eflfectiveness  of  the  burning  is  almost  entirely  dependent 
upon  the  cooperation  of  the  farmers  in  infested  localities.  Neglect 
to  destroy  chinch  bugs  collected  in  these  grasses  will  often  result  in 
serious  injury,  if  not  indeed  a  complete  destruction  of  wheat,  corn, 
cane,  and  kafir. 

Next  to  burning,  the  dust  and  coal-tar  barriers  are  the  most 
effective  remedies,  and  should  be  used  while  the  bugs  are  migrating 
from  wheat  to  corn.  These  barriers  must  be  properly  made,  and 
demand  constant  attention  to  be  of  any  value. 

Many  bugs  can  be  killed  while  massed  on  the  first  rows  of  corn 
by  applying  a  torch  or  spraying  with  kerosene  emulsion  or  proprietary 
spraying  materials. 

Plowing  under  infested  crops  is  not  recommended  unless  the  work 
is  done  very  thoroughly  and  followed  by  a  crop  not  susceptible  to 
cliinch-bug  attack. 

Barriers  made  of  piles  of  green  corn  are  of  no  value,  and  are  not 
recommended. 

The  ^' white  fungus,''  can  not  be  depended  upon  to  exterminate  the 
chinch  bugs.  This  fungus  is  very  dependent  upon  moist  weather 
conditions  for  its  rapid  development  and  diffusion.  It  can  usually 
be  secured  by  collecting  Uve  or  dead  chinch  bugs  from  the  sedge 
grass,  and  placing  them  under  proper  conditions  of  temperature 
and  inoisture.  This  fungus  has  many  host  insects,  and  is  generally 
present  where  chinch  bugs  are  found  in  destructive  numbers. 

Laboratory  experiments  show  that  this  fungus  is  present  in  greatest 
abundance  among  old  spent  adults,  or  those  bugs  that  are  in  a 
weakened  condition.  Also  that  it  will  grow  upon  dead  bugs.  This 
will  partially  account  for  the  fact  that  the  time  of  its  greatest  abun- 
dance in  the  fields  occurs  after  the  hibernating  bugs  have  laid  their 
eggs  and  are  dying  normally.  These  bugs  have  performed  their  mis- 
sion of  laying  eggs,  and  are  comparatively  harmless. 
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Many  bugs  lived  for  weeks,  and  even  months,  in  confinement  in  the 
presence  of  the  fungus  under  conditions  favorable  for  its  develop- 
ment. 

Attempts  at  artificial  introductions  of  the  fungus  in  the  fields 
have  so  frequently  resulted  in  complete  failures  that  this  method  k 
not  recommended.  Vastly  more  may  be  acoompUshed  by  applying 
the  same  amount  of  time  and  labor  to  the  application  of  practical, 
successful  remedies. 
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THE  SO-CALLED  "CURLEW  BUG/* 

(SphmophomfealUmusO^v,) 

By  F.  M.  Webster, 
In  Charge  of  Cereal  and  Forage  Insect  Investigations. 

INTBODUOTION. 

The  80-called  "curlew  bug"  (SpJienophorus  caRoma  Oliv.)  (fig.  16)  is 
allied  to  the  maize  billbug,  SphenophortLS  maidis  Chittn.,  the  subject  of 
Part  II  of  this  bulletin.  It  is  commonly  known  in  the  Carolinas  as  the 
curlew  bug,  sometimes  as  the '  *klew"  or '  'clewbug,"  and  the '  'kloobug/' 
all  probably  contractions  of  '^curlew  bug."  TTie  curlew  is  a  shore 
bird,  having  a  long,  curved  bill,  while 
the  insect,  SpJienophorus  caUosuSy  which 
is  provided  with  a  long,  curved  snout,  is 
found  plentifully  under  rubbish  along 
the  shores  of  sounds  and  rivers,  especially 
those  of  North  Carolina.  Intelligent 
fishermen,  who  are  familiar  with  it,  claim 
that  it  is  often  found  clinging  to  their 
fish  nets  spread  in  Albemarle  Sound. 

The  information  herein  given,  in  so 
far  as  it  is  original,  has  been  accumulat- 
ing for  a  number  of  years,  some  of  the 
facts  having  been  taken  from  the  general 
correspondence  of  the  bureau  and  others 
from  the  results  of  more  or  less  frag- 
mentary and  more  recent  studies  by 
several  assistants  engaged  in  the  investi- 
gations of  cereal  and  forage  insects. 
While  not  complete  in  all  of  the  scientific 
details,  so  much  6f  this  information  is  of  economic  value  to  the  farmer, 
pointing  out  to  him  a  practical  method  of  prevention,  and  will  also 
prove  of  assistance  to  station  and  State  entomologists  who  may  desire 
to  study  the  pest  in  their  own  States,  that  it  seems  an  injustice  to 
witlihold  publication  longer  with  the  object  of  securing  details  of 

53 


Fig.  la.— The** curlew  bog"  {Spheruh 
phoru9  caUomui):  Adult.  Four  timei 
natural  size.    (Original.) 
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perhaps  minor  importance.  The  species  was  studied  to  some  extent 
in  Illinois  several  years  ago  by  Dr.  S.  A.  Forbes,  State  entomologist 
of  Blinois,  and  his  assistants,  the  results  obtained  by  him  being 
published  later  by  Dr.  Forbes  imder  the  name  SpJienophorus  cariosui 
Oliv.     Information  from  that  source  is  also  embodied  herein. 

The  author  does  not  himself  assume  credit  or  responsibility,  except 
where  indicated  in  the  text.  Where  so  many  individual  investigators 
have  contributed  results  of  observations  and  studies,  it  becomes  the 
duty  of  some  one  to  act  as  spokesman  and  put  the  matter  in  shape  for 
publication,  and  this  duty  the  author  has  endeavored  to  fulfill. 

In  his  paper  relating  to  this  and  other  species  of  the  genus  Dr. 
F.  H.  Chittenden,*  of  the  Bureau  of  Entomology,  came  to  the  con- 
clusion that  S.  sculptilis  Horn  is  a  synonym  of  8.  caUosus  and  that 
S,  sculptilis  Uhler  is  a  synonym  of  8.  cariosus  Oliv.;  also  that  in  many 
cases  specimens  received  by  him  showed  that  references  to  either  of 
these  three  species  related  properly  to  S.  cdUosus.  It  is  upon  these 
conclusions  that  many  of  the  facts  herein  given  are  based. 

HISTOBY  OF  THE  SPBCIBS. 

The  insect  was  first  described  by  OUvier  in  1807,  from  ''Carolina," 
as  Calandra  caUosa.^  This  locality,  now  somewhat  vague,  will,  as 
shown  in  figure  17,  apply  almost  equally  well  to  both  this  species  and 
S.  maidis. 

While  it  does  not  seem  possible  that  this  particular  species  of 
insect  could  have  existed  all  of  these  years  in  that  section  of  the 
country— one  of  the  earliest  settled,  and  therefore  one  of  the  first 
to  be  brought  under  cultivation — without  doing  injury  to  com  and 
rice,  yet  as  a  matter  of  fact  over  half  a  century  did  elapse  before  proof 
of  its  ravages,  accompanied  by  specimens  of  the  beetles,  were  in  the 
possession  of  the  Department  of  Agriculture. 

BX7BBATT  NOTES. 

Jime  1,  1880,  specimens  of  the  beetle  were  received  from  Mr.  E.  T. 
Stackhouse,  of  Marion,  S.  C,  who  accused  them  of  damaging  young 
growing  com  in  his  neighborhood. 

May  27,  1884,  a  report  was  received  from  Prof.  J.  A.  Holmes,  of 
Chapel  Hill,  N.  C,  that  this  species  was  injurious  to  corn  near  Bay- 
boro,  N.  C,  where  it  is  known  as  '^kaloo  bug'*;  also  that  the  belief  was 
prevalent  there  that  the  "insect  winters  in  the  rice  stubble," 

This  species,  specimens  of  which  were  kindly  loaned  Dr.  Chittenden 
for  identification  by  Messrs.  Forbes  and  Hart,  is  recorded  in  the  pub- 
lished notes  of  the  State  entomologist  of  Illinois  as  injuring  com  at 

1  Proc.  Ent  Soc  Wash.,  vol.  7,  No.  4,  pp.  166-182, 1906. 
>  Hist.  Nat.  des  Ids.,  vol.  5,  p.  92,  pi.  27,  fig.  416, 1^07. 
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Pittsfield,  S.  C,  June  4,  1888.  The  beetles  when  received  were  ovi- 
positing in  the  box  in  which  they  were  sent.  The  species  was  also 
found  attacking  young  com  May  1,  1891,  the  beetle  gnawing  a  large 
cavity  in  the  stalk  just  below  the  ground.  '  *  When  placed  in  a  breeding 
cage  the  beetle  made  its  way  into  the  seed  kernel  of  the  stalk." 

Brief  mention  has  already  been  made  of  its  occurrence  in  Illinois 
by  Dr.  Forbes  in  different  papers.*  It  is  obvious,  as  determined  by 
Chittenden,  that  this  entire  account  of  SpTienopTiorus  cariosus  refers 
in  reality  to  caUosus,  The  illustration  given  in  the  publication  first 
cited  is  of  the  latter  species,  as  is  also  the  description,  and  it  should  be 
further  stated  that  the  occurrence  of  S.  cariosus  in  Illinois  is  doubtful. 

June  10,  1889,  Prof.  A.  J.  Cook  also  reported  injury  to  com  in 
North  Carolina,  though  the  source  of  his  information  is  not  clear. 

July  20, 1893,  Mr.  S.  L.  Willard,  Washington,  N.  C,  wrote  that  this 
billbug,  called  ''ciu'lew  bug"  in  that  vicinity,  was  doing  consid- 
erable damage  to  the  com  crop.  Rice  also  was  injured,  and  it  was 
stated  that  the  insects  had  been  noticed  at  least  8  years  (or  since 
1886)  in  that  neighborhood.  The  beetles  were  also  operating  in 
chufa  (Oyperus  esculentus),  and  some  farmers  had  abandoned  rice 
growing  on  account  of  the  ravages  of  this  pest. 

July  8,  1895,  we  received  word  from  Mr.  B.  A.  Hallett,  Mount 
Olive,  N.  C,  that  this  species  had  completely  destroyed  the  upland 
tice  crop  of  that  section  and  had  greatly  injiu'ed  com. 

During  July  and  August,  1895,  Mr.  A.  X.  Caudell  reported  injury 
k)  chufa  or  yellow  nut-grass  (Cyperas  escvlentus)  at  Stillwater,  Okla., 
md  August  24  sent  pup». 

May  11,  1896,  we  received  report  from  Mr.  R.  J.  Redding,  Experi- 
nent  Station,  Ga.,  that  this  species  was  attacking  fields  of  young  com 
n  Jefferson  County,  Ga.,  by  thousands. 

May  22,  1897,  ilr.  Charles  B.  Guinn  reported  injury  to  fields  of 
preen  com  at  Georgia  City,  Mo. 

August,  1898,  Dr.  Chittenden  found,  in  low  bottom-land  on  the 
>anks  of  the  canal  at  Glen  Echo,  Md.,  the  pupa  of  this  species  at  the 
•oots  of  witch  grass  or  tumbleweed  (Panicum  capiUare).  Transfor- 
nation  to  imago  took  place  on  the  22d. 

May  30,  1899,  Mr.  Edward  Markham,  jr.,  Kehukee,  Pasquotank 
Uounty,  N.  C,  wrote  that  this  species  had  made  its  appearance  in 
:.hat  region,  had  spread  rapidly,  and  that  it  was  doing  so  much  damage 
jO  com  that  some  crops  were  being  abandoned.  It  was  considered 
ihe  worst  pest  of  that  vicinity — ^worse  than  all  others  combined.  It 
was  known  locally  as  the  "clue  bug,"  a  contraction  of  curlew  bug. 
Beetles  were  received  from  this  source  as  late  as  July  8. 

1 16th  Kept.  St.  Ent.  111.,  f.  1887  and  1888,  pp.  64,  68,  71, 1890.    22d  Kept.  St.  Ent.  111.,  f.  1903, pp.  19-21. 
3ul.  79,  Univ.  lU.  Agr.  Exp.  Sta.,  p.  453, 1902. 
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August  3,  of  the  same  year,  Mr.  James  K.  Metcalfe,  Silver  Qtj, 
N.  Mex.,  reported  beetles  as  well  as  larvaa  in  stalks  of  com  growing 
near  the  Gila  River  in  that  vicinity.  It  was  reported  that  the  beetles 
deposited  their  eggs  in  the  stalks  near  the  ground;  that  the  grubs  ate 
all  the  lower  part  of  the  stalk  and  soon  destroyed  the  plant.  Hie 
beetles  destroyed  entire  fields  of  com,  working  in  the  usual  maimer. 

August  6,  1900,  Mr.  G.  L.  Swindell,  Swindell,  Hyde  County,  N.  C, 
reported  tiiat  this  beetle  and  its  larva  were  injurious  to  rice — ^the 
larva  by  feeding  on  the  roots  and  the  beetles  by  attacking  the  stalkB 
near  ihd  ground.  The  damage  done  by  the  beetle  to  com  in  Hyde, 
Pamlico,  Beaufert,  and  Tynell  counties  could  hardly  be  estimated. 
In  some  years  it  amounted  to  ahnost  total  destruction  and  was  notice- 
ably worse  near  old  riee  patches.  August  20  this  bureau  received 
crowns  and  roots  of  the  infested  rice,  as  well  as  larv»  and  beetles. 
In  nearly  every  case  there  was  a  cavity  in  the  crown  just  above  ihc 
roots,  containing  the  larva  and  its  castings. 

During  1901  this  q;>ecies  was  rq[>orted  by  Mr.  Franklin  Sherman,  jr., 
Baleigh,  N.  C,  as  the  cause  of  general  complaint  in  the  eastern  part 
of  North  Carolina  of  "billbugs,"  "klewbugs,''  "curlew  bugs,"  etc. 
The  species  was  identified  from  Elizabeth  City  and  Goldsboro,  N.  C. 
Injury  was  not  noticed  in  the  west^n  part  oi  the  State.  April  23  a 
report  was  received  from  Mr.  Robert  T.  &nith,  Grant,  Ma.,  of  tibia 
species  attacking  com,  bdng  most  troublesome  in  early  Mait^  and 
infesting  the  young  stalks  just  below  the  CMiter,  in  such  a  maimer 
that  the  central  leaf  often  comes  out  entirely. 

Prof.  Franklin  Sherman,  jr.,^  has  given  an  account  of  this,  species 
with  accompanying  reports  of  its  injuries  to  com  in  1902  and  1904  in 
low,  swampy  lands  in  the  eastern  sections  of  North  Carolina.  Injury 
was  also  reported  by  Mr.  Sherman  in  portions  of  Bladen,  Cumberland, 
Duplin,  Moore,  and  Brunswick  counties. 

During  June  and  July,  1904,  Mr.  Thomas  J.  Clark,  Cliff,  Grant 
County,  N.  Mex.,  reported  billbug  damage,  and  July  27  sent  larvae 
and  imago  of  Uus  species  with  the  statement  that  the  beetles  began 
operations  on  young  com  as  soon  as  it  came  up;  ihsA  they  depodted 
their  e^s  in  the  roots;  that  the  larvae  continued  feeding  in  the  stalk, 
and  that  after  the  com  began  to  tassel  it  would  fall  over  and  Ui^t. 
The  stalks,  however,  seldom  developed  to  that  extent  before  tiiey 
were  killed.  He  stated  that  cutworms  were  nothing  to  compare  with 
them  in  their  attacks  on  com;  also  that  the  species  was  believed  to 
be  native  to  old  Mexico  and  that  it  had  been  seen  in  that  vicinity 
seven  or  eight  years  earlier. 

June  26,  1906,  information  was  recced  from  Mr.  F.  B.  Hopkins, 
in  charge  of  the  testing  gardens  at  the  Arlington  Farms,  Va.,  of  injury 

I  '<  Inflect  Enemies  of  Corn,"  Bui.  N.  C.  Dept.  Agr.,  1905,  pp.  1»-SX 
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J  the  beetle  of  this  species  to  chufa.  The  larva  was  at  this  time 
>erating  in  the  crown  of  the  plant  at  the  base  of  the  leaves.  It  was 
)served  that  the  insect  was  capable  of  doing  considerable  damage 
^en  at  this  early  date,  as  crowns  were  then  found  completely  hoDey- 
mbed.     On  June  28  Mr.  I.  J.  Condit,  detailed  by  Dr.  F.  H.  Chittenden, 

charge  of  Truck  Crop  and  Stored  Product  Insect  Investigations  for 
le  purpose  of  obtaining  material,  visited  the  infested  locaUty  and  ob- 
ined  numerous  specimens  of  liibeniated  beetles  and  larvse.  It  was 
len  estimated  that  the  damajce  would  amount  to  about  20  per  cent  of 
10  crop.  June  30  a  larva  was  found  nearly  grown.  Eggs  were 
so  obtained  at  that  time  and  until  the  end  of  the  first  week  of 
ugust.  Search  was  made  for  the  natural  food  of  the  insects,  and 
lis  was  found  in  Frank's  sedge  {Carex  frankii). 

May  22, 1907,  Mr.  R.  I.  Smith  sent  this  species  from  Atlanta,  Gku, 
ith  the  statement  that  these  billbugs  were  reported  as  quite  abun- 
int  and  doing  great  damage  to  com  at  Statesboro,  Ga.  They  had 
3en  present  at  the  date  of  that  writing  for  about  three  weeks. 

DISTBIBUnON. 

As  will  be  observed  by  consulting  the  accompanying  map  (fig.  17) 
ds  species  covers  a  wider  range  than  Sphenophorus  maidis.  It  seems 
»  center  in  point  of  abundance  in  eastern  North  Carolina,  extend- 


IG.  17.— Map  showiuK  distribution  of  the  "curlew  bug"   {Sphawphorus  calloauM)  und  the  maixo 
billbug  {Sphcnophoruis  tnaidis).    (Original.) 

g  southward  to  southern  Florida,  northward  to  Maryland,  thence 
)rthwest  to  northwestern  Illinois,  southwest  to  extreme  south- 
Lstem  Arizona  and  northern  Mexico,  and  eastward  to  the  Gulf 
>ast. 

24091°— Bull.  95,  pt  4—12 2 
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It  is  essentially  a  lowland  fonn^  as  its  food  plants  cleiirly  indicate, 
and  will  therefore  especially  interest  the  fanner  whose,  fields  are  d 
bottom,  swamp,  or  other  low-lying  lands. 

The  following  are  the  locaUties  from  which  the  species  has  been 
received: 

ArizoTUL'  Tucson  (Wickham),  near  Duncan  (Gockeiell).  Arbmsas:  Helena  (L  E 
Howard).  Florida:  McLellan  (W.  H.  Gill),  Grant  (Robt.  T.  Smith).  Gtorfk 
Jefferson  County  (R.  J.  Redding),  Stateeboio  (R.  I.  Smith).  lUinoU:  From  Pekh 
to  Cairo,  Savanna,  Urbana,  Metropolis  (Forbes),  Warsaw  (Dr.  Shafer),  Bock  Xjind 
(Det.  Chittenden).  Indiana:  Lake,  Vigo,  Posey,  Perry,  Putnam,  and  Blacklod 
counties  (W.  S.  Blatchley).  Kansoi:  Great  Bend,  Arkansas  City  (T.  H.  Pkrb^ 
Wellington  (Kelly  and  Parks),  Douglas  County  (Det.  Chittenden).  KerUudof:  Oppo- 
site Cairo,  111.  (Fcvfoee).  Lauuiana:  New  Orleans  (H.  SolUu).  Maryland:  Glen  EAo 
(Det.  Chittenden).  Miitisnppi:  Gulf  View  (Det.  CSiittenden).  MtMrnmri:  Geatpi 
(Chas.  B.  Guinn),  Atoka  (Det.  Chittenden).  New  Mexico:  Cliff  (T.  J.  Clark),  &hm 
City  (Jas.  E.  Metcalfe).  North  Carolina:  Edentcm  (J.  W.  Mason),  Elizabeth  Ckj 
(J.  P.  Overman),  Hertford  (W.  T.  Shannonhouse,  Mrs.  S.  D.  Jordan),  Pineview  i¥. 
Bamett),  Pyreway  (Maj.  Ckue),  Bayboro,  Cbapel  Hill  (J.  A.  Hofanes),  WasfaiVi« 
(S.  L.  Willaid),  Mount  OUve  (B.  A.  HaUeU),  Kehukee  (Edw.  Markham),  West  Bal^ 
Proctorville,  Braswell  (R.  I.  Smith),  and  Hyde,  Pamlico,  Beaufort,  and  Ta-rS 
coimties;  Swindell  (G.  L.  Swindell),  Bladen,  Cumberland,  Duplin,  Moore,  and  Brus- 
wick  counties  (Franklin  Sherman).  Ohio:  Cincinnati  and  vicinity  (Chas.  Dorr. 
Oklahoma:  Stillwater  (A.  N.  Caudell,  C.  E.  Sanbom),  Duncan,  Anadarko,  Poc^ee; 
Hastings,  Cement,  Rush  Springs,  and  Chickasha  (A.  L.  Lovett),  Duncan,  Chicki^ 
(T.  D.  Urbahns),  Marlow  (J.  F.  Davidson),  Oklahoma  City  (T.  H.  Parks).  &)di 
Carolina:  Marion  (£.  T.  Stackhouse),  Pittsfield  (Forbes  and  Hart),  Rimini  (C.  B.  F. 
Baker).  Tennessee:  Appleton  (P.  Cox,  Geo.  G.  Ainslie),  Memphis  (H.  ScIimm'.. 
Texas:  Whitesboro  (E.  O.  G.  Kelly),  Wallisville  (W.  L.  McAtee),  Alligator  Head 
(J.  D.  Mitchell).  Virginia:  Norfolk  (Popenoe),  Arlington  (F.  B.  Hopkins).  Mako: 
(Prof.  Herrera). 

FOOD  PLAliTS. 

Dr.  Forbes  gives  Cyperus  strigosus  as  the  natural  food  plant,  ia 
the  roots  of  which  it  develops  in  Illinois.  Mr.  T.  D.  Urbalms  found 
it  developing  in  Tripsacum  dactyloidea  at  Piano,  Tex.,  in  July,  1909. 
At  Appleton,  Tenn.,  July  14,  1911,  Mr.  Qeo.  G.  Ainslie  found  the 
infested  fields  in  part  grown  up  with  weeds  and  a  swamp  Caxex  (C 
vulpinoidea),  but  he  was  unable  to  find  the  beetle  actually  devdop- 
ing  therein.  (See  PI.  IX,  figs.  1,  2.)  Mr.  A.  N.  Caudell  reported  the 
larvae  injuring  the  roots  of  yellow  nut  grass  {Cyperus  esculentus)  ai 
Stillwater,  Okla.,  in  1895.  Dr.  Chittenden  reared  the  adult  from  t 
pupa  found  in  the  roots  of  Panicum  capiUare  growing  in  low  bottom 
lands  along  the  canal  near  Glen  Echo,  Md.,  in  August,  1897.  Mr. 
I.  J.  Condit  found  it  breeding  in  Frank's  sedge  (Oarex  frankii)  grow- 
ing on  the  department  farm  at  Arlington,  Va.  In  Florida  the  insect 
develops  from  egg  to  adult  in  Cyperus  rotundaius,  while  farther  north, 
in  the  Carolinas,  the  common  food  plant  is  the  **chufa"  (Ci/perus 
esculentiLs).  To  such  a  degree  is  this  true  in  the  latter  locality  that 
the  insect  is  supposed  by  farmers  to  have  been  introduced  with  that 
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plant.  Quite  in  accord  with  the  foregoing,  Mr.  J.  G.  Sanders  reared 
adults  March  30,  and  again  April  25,  1908,  from  Cyperus  exdltatuSf 
introduced  from  Egypt  and  growing  on  the  department  farm  at 
Arlington,  Va. 

The  cultivated  food  plants  are  com,  rice,  and  peanuts,  in  impor- 
tance according  to  the  order  given. 

DESCBIPTION  AND  UFB  HISTOBY. 

THE   EGG. 

(Fig.  18.) 

The  egg  appears  to  have  been  first  observed  by  Mr.  A.  N.  Caudell, 
who  noted  the  female  ovipositing  at  Stillwater,  Okla.,  July  18, 
1895.  The  egg  was  described  as  white,  1.5  mm.  long  and  half  as 
wide,  oblong-oval  in  shape.  Mr.  E.  O.  G.  Kelly,  who  studied  the 
species  carefully  at  Wellington, 
Kans.,  found  eggs  deposited  June 
17,  1911,  to  be  "white,''  1.5  mm. 
long,  one-third  as  wide,  and  ellip- 
tical in  form. 

Dr.  Chittenden  described  the  egg 
as  found  at  Arlington,  Va.,  as  con- 
siderably larger,  measuring  2.2  to 
2.3  mm.  in  length  and  only  0*8  to 
0.9  mm.  in  diameter.  The  outline 
is  subreniform-elliptical,  one  side 
having  a  tendency  to  straightness 
along  the  greater  portion  of  its 
length.  The  color  is  dull,  slightly 
yellowish  w^hite.  The  surface  is 
nearly  smooth,  with  faint  reticula- 
tion showing  in  very  limited  areas. 
The  variation  in  size  of  the  egg  has 
also  been  observed  by  Mr.  R.  I. 
Smith,  in  North  Carolina. 

Mr.  Kelly,  in  his  studies,  found  eggs  from  June  16  to  September  11, 
a  period  of  nearly  3  months.  The  egg  period  varied  from  4  to  6  days 
in  June,  in  July  5,  and  from  6  to  8  days  in  September.  In  one  case 
58  eggs  were  secured  from  one  female,  and  there  was  a  possibility 
that  she  might  exceed  this  number. 

Mr.  Vernon  King  and  the  author  found  ovipositing  adults  and 
half-grown  larvae  on  Harveys  Neck,  about  15  miles  southeast  of 
Hertford,  N.  C,  on  June  20,  1911.  This  would  indicate  that  ovi- 
position  was  in  progress  about  June  1.  Mr.  Jas.  A.  Hyslop,  of  this 
bureau,  and  Mr.  R.  I.  Smith    of  the  North  Carolina  Agricultural 


Fig.  18.— The  "curlew  bug":  Egg  as  placed  1b 
stem  of  young  com  plant.  Greatly  enlaiiged. 
(Original.) 
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Experiment  Station,  found  pup»  in  the  same  locality  November  4. 
If  we  allow  8  days  as  the  egg  p>eriod  and  37  to  41  days  as  th6  larval 
period,  as  determined  by  Mr.  Kelly  in  Kansas,  the  eggs,  judging  from 
the  records  just  mentioned^  are  deposited  in  North  Carolina  from 
about  June  1  to  September  20,  or  daring  a  period  of  approxunatdj 
4  months.  Mr.  I.  J.  Ck>ndit  found  a  neariy  full-grown  larva  at 
Arlington,  Ya.,  June  30,  1906,  which  confirms  in  a  general  way  the 
preceding  observations. 

THE   LARVA. 

(Fig.  19.) 

Quite  naturally  the  larva  of  tliis  species  closely  resembles  that  of 
Sphenapharus  rriaidis.  The  principal  differences  are  brought  out  in 
the  illustration  of  S.  cdUostiS.  The  head  (fig.  19,5),  is  more  slender, 
especiaUy  toward  the  vertex,  the  area  between  the  Y  sutures  is  neariy 

smooth  and  quite  different  in 
outline  from  that  of  S.  maidii 
(fig.  19,  e)  drawn  on  the  same 
scale.  In  this  latter  species 
the  space  is  shallowly  sculp- 
tured, with  the  sutures  more 
sinuate.  The  larvss  of  both 
species  vaiy  greatly  in  size, 
and  it  is  doubtful  if  in  this 
respect  they  differ  materiallj 
from  each  other. 

Mr.  Caudell  found  the  larve 
among  the  matted  roots, 
where  they  form  cells  and 
where  they  are  frequently 
seen  completely  embedded  in 
the  chuf  a.  These  they  hollow 
out,  leaving  only  the  hull. 
They  are  sometimes  so  nu- 
merous that  frequently  as 
many  as  a  dozen  can  be  taken  in  a  single  bunch  of  roots. 

Mr.  I.  J.  Condit,  on  October  8,  found  the  larv©  in  chuf  a  at  Arlingtcm 
Farms,  Va.,  usually  from  half  an  inch  to  an  inch  below  the  surface 
of  the  ground.  They  seemed  quite  capable  of  subsisting  upon  the 
dead,  perfectly  brown,  and  nearly  rotten  substance  of  the  leaves, 
stems,  and  crowns  of  the  plant,  but  they  also  perforated  the  roots. 

Mr.  F,  B.  Hopkins  observed,  on  June  26,  also  at  the  Arlington 
Farms,  Va.,  that  the  larv»  were  operating  in  the  crown  of  this  same 
plant,  Carexfrankii. 

Mr.  G.  L.  Swindell,  in  a  communication  dated  August  6,  1900, 
states  that  at  Swindell,  N.  C,  the  larvae  injured  the  roots  of  rice  by 


FiQ.  19—0,  lATva  of  the  "curlew  bug"  {Sph^nophonu 
oaUotuM):  bt  head  of  Bame;  e,  head  of  larva  of  the 
maise  billbug  (Sphenophorua  maidU).  Enlarged. 
(Original.) 
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feeding  thereon.  Later,  roots  sent  to  the  bureau  by  Mr.  Swindell 
contained  larvae  in  both  the  crowns  and  roots.  In  nearly  every  case 
there  was  a  cavity  containing  a  larva  in  the  crown  of  the  plant  just 
above  the  roots. 

Mr.  S.  L.  Willard,  Washington,  N.  C,  under  date  of  July  20,  1893, 
•complained  also  of  injury  to  rice,  stating  that  the  depredations  had 
T>een  observed  in  his  neighborhood  since  1886. 

Under  date  of  July,  1895,  Mr.  B.  A.  Hallet,  of  Mount  Olive,  N.  C, 
complained  that  the  insect  had  completely  destroyed  the  upland  rice 
crop  of  that  section. 

In  August,  1910,  Mr.  J.  W.  Mason,  of  Edenton,  N.  C,  through 
^Representative  J.  H.  Small,  stated  that  the  insect  had  attacked  both 
com  and  peanuts  in  his  neighborhood,  killing  com  and  seriously 
injuring  peanuts. 

Mr.  R.  I.  Smith,  of  the  North  Carolina  Agricultural  Experiment 
Station,  states  that  where  rice  is  grown  this  grain  appears  to  be  its 
favorite  food,  as  the  insect  is  ten  times  more  abundant  in  rice  fields 
than  in  cornfields.  The  eggs  are  placed  in  the  corn  plant  above  the 
roots,  as  shown  in  figure  21,6.  The  larvae  work  downward,  eventually 
pupating  at  the  lower  end  of  the  root,  as  shown  in  figure  21,  c. 

In  nearly  all  of  our  records  of  injuries  by  this  species,  attention  is 
called  to  the  fact  that  its  attacks  are  upon  low  or  swampy  land. 
The  very  nature  of  its  food  plants  would  indicate  that  the  natural 
habitat  of  this  species  is  in  low  or  swampy  lands.  In  a  great  many 
cases  such  lands  are  either  subject  to  overflow  or  the  plants  are  more 
or  less  submerged  in  water  for  considerable  periods  of  time.  While 
the  insect  is  not  aquatic,  it  most  certainly  is  capable  of  living  and 
developing  on  submerged  plants  without  suffering  material  incon- 
irenience  therefrom.  In  the  cornfields  they  are  often  found  working 
several  inches  below  the  surface  of  soil  thoroughly  saturated  with 
water.  Farther  on,  it  will  be  noted  that  the  adult  can  also  live  sub- 
merged in  water  without  apparent  inconvenience. 

INJURIES  TO  CORN   BY  LARV^B. 

While,  as  will  be  shown,  com  is  injured  both  by  adults  and  larvee, 
attacks  by  the  latter  are  by  far  the  most  fatal  to  the  plant.  Grood 
illustrations  of  a  serious  attack  from  a  larva  of  this  species  are  shown 
in  Plates  VI,  VII,  and  VIII,  from  photographs  of  a  field  belonging  to 
the  Messrs.  Shannonhouse,  on  Harveys  Neck,  N.  C,  along  the  shore  of 
Albemarle  Sound.  While  it  is  probably  true  that  the  insect  is  much 
more  abundant  in  rice  fields,  it  must  be  borne  in  mind  that  the  area 
of  rice  culture  is  very  small  compared  with  that  of  corn.  While 
local  injuries  to  rice  may  be  very  severe,  nevertheless  the  greatest 
losses  from  attacks  of  this  insect  most  certainly  fall  upon  corn  gi*ow- 
ers,  especially  those  whose  fields  are  on  low  or  bottom  lands.     As 
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illustrating  this  point,  as  well  as  the  severity  of  attack,  Mr.  Swindell^ 
who  has  been  previously  quoted,  stated  that  in  some  years  the  loss 
amounted  to  almost  total  destruction.  Mr.  B.  I.  Smith,  under 
date  of  May  22,  1907,  stated  that  the  species  was  doing  great  damage 
to  com  at  Statesboro,  Ga.  Under  date  of  May  30,  1899,  Mr.  Edward 
Markham,  Kehukee,  N.  C,  complained  that  the  insect  was  doing  so 
much  damage  to  com  in  his  neighborhood  that  in  some  instances  the 
crop  was  being  abandoned.  In  his  estimation  it  was  the  worst  insect 
pest  observed  in  his  community.  Under  date  of  August  3,  of  the  same 
year,  Mr.  James  K.  Metcalf,  Silver  City,  N.  Mex.,  complained  that 
the  insects  were  destroying  entire  fields  of  com,  working  in  this  same 
manner.  At  Arkansas  City,  Kans.,  June  22,  1910,  Mr.  T.  H.  Parks, 
of  this  bureau,  found  the  species  exceedingly  abundant  in  fields  of 
young  com  growing  along  the  Arkansas  River.  Mr.  T.  J.  Clark,  sr., 
of  Cliff,  X.  Mex.,  under  date  of  June  25,  1904,  stat-es  that  the 
larvae  are  more  destmctive  than  cutworms.  In  his  opinion  the 
species  is  a  native  of  old  Mexico  and  had  not  been  observed  in  his 
locality  until  about  eight  years  previous.  Mr.  T.  D.  Urbahns,  of 
this  bureau,  found  that  com  about  Duncan,  Okla.,  during  June  18 
and  19,  1909,  had  suffered  very  severely.  In  one  case  about  20 
acres  of  lowland  in  the  heart  of  a  large  field  had  been  entirely  destroyed. 
It  had  been  replanted,  but  the  second  planting  was  also  badly  dam- 
aged.  In  another  field  an  area,  also  of  about  20  acres,  in  the  heart 
of  a  still  larger  field  had  been  completely  destroyed.  This  land  was 
wet  and  had  been  flooded  during  the  previous  summer.  In  a  field 
near  Comanche,  Okla.,  consisting  of  about  100  acres  of  bottom  land, 
Mr.  Urbahns  found  that  the  crop  had  been  very  severely  damaged, 
some  of  it  having  been  twice  replanted.  This  land  had  also  been 
flooded  the  previous  year.  A  field  of  about  60  acres  in  this  same 
neighborhood,  examined  June  19,  had  been  entirely  destroyed.  At 
Great  Bend,  Kans.,  July  7,  1910,  Mr.  Parks  found  that  a  field  of  6 
acres  of  corn  had  been  damaged  about  20  per  cent  by  these  insects. 
Under  date  of  May  17,  1909,  Mr.  J.  F.  Davidson,  of  Marlow,  Okla., 
complained  that  the  insect  had  completely  destroyed  100  acres  of 
young  corn  on  his  farm.  Some  of  this  ground  had  been  replanted  a 
third  time,  with  discouraging  prospects  of  his  being  able  to  secure  a 
crop  of  corn.     He  further  states: 

My  land  is  all  bottom  and  \'alley  and  adjacent  to  Little  Beaver  Creek,  a  stream  50 
feet  wide.  The  hea\y  floods  of  last  spring  caused  this  creek  to  overflow  its  banks  and 
the  water  spread  out  over  all  the  bottom  land,  inundating  thousands  of  acres  and 
destroying  the  growing  crops;  40  acres  of  my  land  was  thus  under  water  seven  diflereot 
times.  I  assume  the  result  is  the  billbug  and  its  depredations  this  spring  on  all  bot- 
tom lands,  which  are  the  best  corn  lands  in  this  section  of  Oklahoma.  Thousands  of 
acres  have  already  been  completely  destroyed  by  this  pest,  and  krmers  are  now  busy 
replanting,  with  slight  hopes  of  securing  a  stand  that  will  justify  cultivation. 

The  larva  on  first  hatching  is,  of  course,  very  small,  although,  as  the 
eggs  increase  in  size  after  being  deposited  in  the  plants,  the  size  of 
the  larva  will  considerably  exceed  that  of  the  newly  deposited 
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It  burrows  its  way  downward  through  the  center  of  the  lower  stem 
into  the  main  root  or  taproot  and,  unless  this  is  entirely  eaten  away, 
probably  finishes  its  development  there.  Although  we  have  not 
observed  it,  it  seems  quite  likely  that  under  certain  conditions  it  ma/ 
transform  to  the  pupa  in  the  earth  outside  of  the  plant. 

Studies  carried  out  by  Mr.  Kelly  at  Wellington,  Kans.,  have  shown 
that  the  larval  stage  may  occupy  from  37  to  41  days — the  latter 
period  in  most  of  his  experiences. 

THE   PUPA. 

(Fig.  20.) 

Pupation  in  the  crowns  of  chufa  takes  place  normally  in  cocoons 
formed  of  dried  castings,  but  in  cases  where  the  crowns  have  been 
much  eaten  away,  the  larva  before  transforming  evidently  falls  out 
and  pupates  in  the  earth  nearby,  generally  within  an  inch  or  less  of 
the  crown.  In  the  earth  a  cell  is  made  by  the 
larva,  which  turns  roimd  and  round,  thus  forming 
quite  a  distinct  earthen  cocoon.  In  one  instance 
noted  by  Mr.  Caudell,  a  pupal  case  or  cocoon  was 
found  on  chufa  about  2  inches  above  the  ground, 
indicating  that  the  larva  had  floated  to  the  surface 
of  the  water,  the  plants  being  submerged  at  the 
time. 

In  com  plants  pupation  takes  place  in  the  larval 
chambers  as  shown  in  figure  21,  c. 

A  larva  noted  by  Chittenden  transformed  to  pupa 
August  22,  and  the  beetles  issued  September  1,  the 
period  of  the  pupal  stage  having  been  about  9^ 
days.    As  the  weather  during  this  time  was  con-    ^^  2o.-The  "curlew 
siderably  over  80°  F.,  and  quite  himiid,  9  days  is      bug:"  Pupa.  Greauy 
probably  the  minimum  pupal  period  for  this  species.      ^^^^«^'  (onginai.) 

Of  a  number  reared  by  Mr.  Kelly  at  Wellington,  Kans.,  during 
August,  1910,  one  pupated  in  9  days,  while  three  others  pupated  in 
13  da\s. 

THE   ADULT. 

(Fig.  16.) 

This  species  was  first  described  by  OU^der  in  1807.*  In  his  paper 
entitled  "New  species  of  Sphenophonis  with  notes  on  described 
forms,"  *  Dr.  Chittenden  has  fully  discussed  this  species  as  follows: 

This  species  was  united  by  LeConte '  and  Horn  with  cariosus  01.,  but  wrongly  so,  as 
I  shall  attempt  to  prove.    Olivier 's  description  reads  in  substance  as  follows: 

Body  black  with  dark  cinereous  coating.  Antennae  brownish  black,  shining, 
cinereous  at  apex.    Rostrum  black,  dark  cinereous  at  base.    Thorax  uneven,  ''ana 

1  Calandia  callosft  Olivier,  Uist.  Nat.  des  Ins.,  vol.  5,  p.  92,  pi.  28,  fig.  416, 1807. 
«  Proc  Ent.  Soc  Wash.,  vol.  7,  No.  4,  pp.  170-177,  Mar.  9, 1906. 
s  Rhynch.  N.  A.,  p.  425. 
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one  seea  on  the  fluperior  portion  au  elevation  in  the  form  of  a  croflks,  feebfy  marked/'' 
Elytra  uneven,  feebly  variolate,  marked  toward  the  apex  with  a  callous  point,  nearly 
■pinoee,  blackish,  shining. 

Olivier's  illustration  is  imperfect  in  that  it  is  very  crude,  diiowing  neither  punctu- 
ation nor  sculpture  and  the  general  impression  is  that  of  a  shining  species,  which  was 
certainly  not  intended.  The  thorax  is  a  ]ittle  short,  otherwise  the  ionn  coincides 
with  the  species  which  is  figured  herewith. 

The  cinereous  base  c^  the  rostrum  is  an  important  character,  as  it  signifiee  that  a 
considerable  portion  of  the  base  is  coated  while  in  cariotuM  it  is  not.  The  cross-like 
elevation  of  the  thoracic  disc  is  aptly  described  as  feebly  indicated,  in  &ct  it  requires 
a  little  imagination  to  discern  it  in  many  individuals;  moreover,  it  is  not  shown  in 
Olivier's  figure. 

.^mong  coleopterists  in  general  the  adults  of  this  species  are  sup- 
posed to  be  covered  by  a  coating,  consequent  upon  the  beetles  com- 
ing in  contact  with  the  soil.  This  supposition  is  most  certainiT 
erroneous,  as  adults  secured  by  Dr.  Chittenden  from  cocoons  and 
by  others  of  the  bureau  from  the  chambers  in  the  roots  of  rom  before 
t!icy  had  come  in  contact  with  anything  excepting  the  debris  vit!i 
wliich  the  chambers  are  more  or  less  filled,  are  found  to  possess  this 
coating. 

Specimens  secured  by  Dr.  Chittenden  are  of  a  rich  brown  color 
with  velvety  surface.  It  is  only  when  the  beetles  become  somewk: 
abraded  and  this  coating  worn  off  of  the  elevations  and  the  shoulders 
and  near  the  tip  of  the  elj'tra  that  the  callouses  are  formed,  a  charackf 
upon  which  the  specific  named  is  based.  Strictly  speaking,  the  per- 
fect insect  has  not  been  described,  and  it  does  not  become  "caZZewa" 
until  the  insect  has  moved  about  and  rubbed  these  points  bare. 

The  adults  evidently  hibernate  to  some  extent  in  com  in  the  cham- 
ber in  which  they  have  developed,  but  seemingly  lower  down  than 
in  the  case  of  Sphenophorus  rnaidis.  (See  fig.  21 ,  c.)  They  were  foim(i 
very  sparingly,  by  Mr.  James  A.  Hyslop  of  this  bureau  and  by  ilr. 
R.  I.  Smith,  of  the  North  Carolina  Agricultural  Experiment  Station, 
occupying  this  position  in  the  cornfields  of  Harveys  Neck,  previouslj 
mentioned,  on  November  1,  1911.  The  numbers  foimd,  however, 
were  far  too  limited  to  indicate  that  this  can  be  true  of  even  the 
majority,  the  others  probably  wintering  over  either  in  or  near  tl* 
surface  of  the  ground.  This  was  in  the  same  field  where  Mr.  WalKm 
had  fruitlessly  searched  for  them  on  September  5  and  6. 

Wlien  we  come  to  take  into  consideration  the  fact  that  the  natural 
coating  with  which  the  adults  are  covered  is  almost  exactly  the  color 
of  the  soil,  with  which  it  is,  indeed,  more  or  less  berimed,  and  that 
the  insects  on  being  disturbed  will  draw  up  theii*  legs  and  remain  as 
quiet  as  if  dead,  it  will  be  seen  that  it  is  exceedingly  difficult  to  detect 
their  presence  in  or  on  the  surface  of  the  ground,  even  by  an  expert 
who  knows  exactly  for  what  he  is  searching.  Therefore  that  careful 
search  sliould  not  happen  to  reveal  their  presence  is  not  especially  to 
the  discredit  of  those  who  are  engaged  in  trying  to  find  them. 
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As  will  be  observed,  this  method  of  hibernation  is  of  the  greatest 
importance  from  an  economic  standpoint,  because  hibernation  in  the 
lower  stalk  or  roots  would  bring  the  inhabitants  within  reach  by  pull- 
ing up  and  burning  these  stalks  during  the  winter  or  early  spring. 
For  data  on  the  larger  com  stalk-borer  see  Circular  No.  116  of  the 
Bureau  of  Entomol- 
ogy, entitled  "The 
Larger  Com  StdUi:- 
Borer." 

The  beetles  prob- 
ably come  forth  from 
their  hibernation 
quarters  quite  early  in 
spring,  as  soon  as  the 
ground  has  beecme 
permanently  warm 
from  the  spring  tem- 
perature. Mr.  Kelly 
found  them  under 
cornstalks  of  the  pre- 
vious year  at  Whites- 
boro,  Tex.,  April  13, 
1910.  They  evidently 
feed  tor  a  considerable 
time  by  puncturing 
the  lower  part  of  the 
stems  of  the  plants. 
These  pucuetuies  are 
quite  different  from 
the  egg  punctures, 
and  the  effect  is  often 
not  so  fatal  as  that  oc- 
casiCHoed  by  thedown- 
ward  burrowing  of  the 
larva.  These  punc- 
tures are  usually  made 
about  (Mr  a  little  below 
the  sttffaee  of  the 
ground,  the  beetle  evidently  searching  for  a  point  where  the  stem  is 
tendw  and  succulent. 

If  the  punctures  are  made  lower  down  on  the  plant,  just  above  the 
root,  the  result  is  a  throwing  up  of  a  number  of  tillers  or  suckers 
from  the  roots,  the  main  stem  itself  having  a  stalky  appearance,  with 
the  result  that  no  ears  are  produced.  In  this  respect  the  effect  pro- 
duced resembles  to  a  degree  that  of  an  attack  of  the  Hessian  fly  on  a 
young  wheat  plant  in  the  fall.    This  unusual  development  of  tillers 


Pig.  21.— The  *' curlew  bug:"  o,  Corn  plant  attacked  by  adult  in- 
net;  b»  egg  as  placed  in  stem  of  young  com  plant,  enlarged  at 
left;  c,  pupa  and  adult  in  root  of  com  in  chamber  eaten  out  by 
the  lanra,  slightly  reduced.    (Original.) 
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or  suckers  has  sometimes  been  vulgarly  termed  "frenching,"  idthou^ 
it  must  not  be  understood  that  all  of  the  difficulties  known  as  'bench- 
ing" in  com  have  been  due  to  the  attack  of  these  beetles. 

If  the  puncture  made  by  the  beetle  for  the  purpose  of  securing 
food  has  been  made  higher  up  the  stem,  food  has  been  obtained  from 
the  unfolded  leaves  above  the  crown  of  the  plant.  When  these  leaves 
finally  push  forth,  the  puncture  made  by  the  beak  of  the  beetle 
appears  in  the  shape  of  transverse  rows  acrobs  the  leaves,  as  illiis- 
t rated  in  figure  21,  at  a.  Frequently  there  will  be  a  distorted  growth 
on  the  stem,  having  much  the  appearance  of  galls  or  excrescences, 
as  shown  also  in  this  figure. 

While  the  damage  done  by  the  beetles  in  feeding  is  in  many  cases 
doubtless  severe — if  the  com  plants  are  very  young  at  the  time  of 
attack  they  are  probably  destroyed  in  this  way — generally  speaking 
the  greatest  damage  is  probably  caused  by  the  larvaB,  espedally  in 
tlie  East. 

Attention  has  already  been  called  to  the  fact  that  the  larvae  can 
apparently  hve  without  diflBculty  for  a  considerable  length  of  time 
in  the  stems  of  plants  that  are  completely  covered  by  water.  This 
is  surprisingly  tme  in  the  case  of  the  adult  insect. 

August  4,  1906,  Dr.  Chittenden  collected  adults  of  this  species  at 
Arlington,  Va.,  and  placed  them  in  a  jar  of  water  with  a  few  stalks 
of  grass  and  chuf a.  The  beetles  attached  themselves  to  these  stalks 
under  water  and  remained  there.  Two  of  the  beetles  were  removed 
November  21  of  the  same  year,  and  although  they  had  been  sub- 
merged during  the  entire  period  they  were  still  ''very  mu<^  alive.'' 
Another  instance  has  come  to  our  notice  which  would  indicate  that 
not  only  can  these  beetles  survive  in  fresh  water,  but  also  in  salt 
water. 

Mr.  James  Overton,  a  farmer  and  fisherman  residing  on  the  north 
shore  of  Albemarle  Sound,  informed  the  author  that  this  species  was 
frequently  found  by  him  clinging  to  his  fish  nets  set  in  the  water  of 
the  Soimd,  and  that  he  foimd  them  abundantly  under  the  debris 
along  the  shore.  As  Mr.  Overton  is  perfectly  familiar  with  the  work 
of  the  insect  in  the  cornfields,  and  was  one  of  the  first  in  his  neighbor- 
hood to  recognize  it,  there  does  not  appear  to  be  any  reiisonable 
doubt  of  the  correctness  of  his  statement.  Indeed,  farmers  living  on 
narveys  Xeck  are  of  the  opinion  that  the  pest  first  came  to  them  fitan 
the  South,  having  drifted  across  the  Sound  from  the  opposite  shore. 
Mr.  Overton,  who  resided  on  the  southern  shores  of  the  Sound  before 
taking  up  his  residence  on  Harvejrs  Neck,  states  that  the  insect  was 
destructively  abundant  along  the  southern  shore  before  it  was 
observed  in  his  present  neighborhood.  Whether  this  theory  of  the 
diffusion  of  the  pest  is  correct  or  not,  there  does  not  appear  to  be  any 
good  reason  why  the  insect  might  not  drift  about  in  the  waters  of  the 
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Sound  and  be  carried  ashore  by  the  tides.  In  at  least  two  cases, 
each  mvolving  a  different  species  of  Sphenophorus,  adults  have  been 
found  along  the  sea  beach  in  situations  where  they  must  have  been 
submerged  at  each  flow  of  the  tide. 

The  length  of  life  in  the  beetle  stage  is  not  definitely  known,  but 
Dr.  Chittenden  has  observed  overwintered  adults  as  late  as  August  8, 
thus  overlapping  the  appearance  of  the  new  generation  of  adults. 

INJURY  BY  THE  BEETLES. 

It  is  rather  difficult  to  separate  out,  in  the  correspondence  of  the 
bureau,  injuries  that  have  been  caused  by  the  adults,  or  beetles,  of 
this  species  from  those  inflicted  by  the  larvee.  That  the  larvae  are 
eminently  capable  of  totally  destroying  young  com  is  very  evident, 
but  the  following  extract  points  more  or  less  conclusively  to  the 
beetles  themselves  as  being  the  authors  of  the  injuries  inflicted. 

Mr.  C.  R.  S.  Baker,  Rimini,  S.  C,  June  26,  1909,  in  a  conmiunica- 
tion  to  the  Bureau  of  Statistics,  stated  that  the  beetles  were  killing 
young  com  by  puncturing  the  stalk  to  the  heart,  killing  the  plant 
precisely  as  with  the  **budworm."  This  particular  field  had  been 
highly  fertilized  with  guano  and  stable  manure.  Maj.  Gore,  of  Pire- 
way,  N.  C,  May  12,  1910,  stated  that  30  acres  of  com  planted  on  new 
land  had  been  literally  eaten  up  by  the  beetles;  presumably  the  new 
land  was  either  very  low  or  reclaimed  swamp.  Under  date  of  May  21, 
1910,  Mr.  W.  Bamett,  of  Pireway,  N.  C,  stated  that  a  farmer  in  his 
neighborhood  had  lost  half  of  his  crop  of  com  from  attacks  of  this 
beetle.  Writing  from  Helena,  Ark.,  June  2,  1911,  Mr.  £.  E.  Howard 
stated  that  these  beetles  were  killing  the  com,  mostly  young  com, 
but  some  as  large  as  waist-high.  Writing  from  McLellan,  Fla., 
May  2,  1909,  Mr.  W.  H.  Gill  stated  that  the  pest  had  just  made  its 
appearance  in  Santa  Rosa  County  and  attacked  yoimg  com  about  a 
month  old  by  boring  in  the  stalk  undei^ound  and  killing  the  center. 
On  June  1, 1910,  a  complaint  was  received  from  Mr.  P.  Cox,  Appleton, 
Tenn.,  inclosing  specimens  of  the  beetle  which  he  stated  were  destroy- 
ing his  com  crop  and  asked  for  an  investigation  of  the  trouble.  July 
14,  Mr.  G.  G.  Ainslie  visited  the  locality  and  found  that  Mr.  Cox's 
field  consisted  of  about  40  acres  lying  in  a  creek  bottom.  Farther 
down  the  stream  were  two  other  fields  of  com  all  of  which  had  been 
damaged.  It  seems  to  be  the  plan  in  that  particular  locality  to  allow 
the  land  to  go  uncultivated  every  alternate  year.  During  the  season 
in  which  the  land  is  idle  there  springs  up  a  heavy  growth  of  weeds  and 
swamp  grass.  This  particular  field  was  plowed  the  latter  part  of 
March  and  replowed  the  last  day  of  April,  com  being  planted  soon 
after.  The  first  planting  came  up  quickly,  but  was  utterly  destroyed. 
The  second  planting,  the  date  of  wliich  was  not  obtained,  was  also 
practically  destroyed,  and  a  little  before  the  middle  of  June  a  third 
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planting  was  made.  On  the  lower  depre^ons  of  the  fiekl  (see  PI  IX, 
fig.  1),  termed  ''swales"  in  that  nei^^hborhood,  tlie  com  from  this 
planting  was  either  small  or  missing,  the  size  of  the  stalks  being  very 
irr^^ar.  In  most  cases  the  main  wtalk  was  aborted  and  suckers 
had  been  thrown  up,  sometimes  a  distance  of  several  inches  from 
tne  original  plant.  The  main  stalk  was  either  missing  altogether  or 
had  become  so  dwarfed  and  distorted  as  to  be  practically  worthless. 
(See  PL  IX,  fig.  2.)  It  Ues  prostrate  on  the  ground,  curled  and 
twisted,  being  sometimes  almost  buried  in  the  loose  earth,  and  the 
beetles  were  still  found  attacking  the  plants. 

BBCBNT  INVESnOATIONS  OP  THE  BIJBEAir  OF  ENTOMOLOGY. 

Reference  has  already  been  notade  iu  the  proper  places  to  the  inv^ti- 
gati(»is  carried  out  in  Kansas,  Oklahoma,  and  Texas  by  Messrs.  Kelly, 
Urbahns,  and  Parks,  of  the  Bureau  of  Entomology,  and  in  Nortli 
Carolina  by  Mr.- James  A.  Hyslop,  also  an  assistant  in  the  bureau. 
On  May  23,  1911,  we  received  a  comirtT^^i  ntit  n  fr^m  Mr?  ?  ^ 
Jordan,  Hertford,  N.  C,  accompanied  by  specimens  of  these  beetles, 
stating  that  the  insects  take  possession  of  and  destroy  whole  1 
of  com  as  soon  as  it  comes  up.  Many  farmers  had  been  ob 
that  season  to  plow  and  plant  their  com  for  the  second  time.  The 
insects  attack  the  plants  by  inserting  their  bill  into  the  stalk  Dear 
the  ground,  causing  the  plants  to  wilt  in  a  few  hours.  The  trouble 
had  been  noticed  for  several  years  and  appeared  to  be  rapidly  on 
the  increase.  Apparently,  unless  some  steps  were  taken  for  their 
protection,  tBe  farmers  in  that  neighborhood  would  not  be  able  to 
raise  sufficient  com  for  their  own  use.  Two  days  later  a  communica- 
tion was  received  from  Mr.  WiUiam  T.  Shaimonhouse,  from  the  same 
post  office,  accompanied  by  specimens  of  the  bettles.  Mr.  ShanuoD- 
hoise  complained  that  these  insects  attacked  the  coih  from  the  time 
it  was  3  or  4  inches  high  until  it  became  10  inches  or  a  foot  in  hdgbt 
Then  they  were  foimd  just  bdow  the  surface  of  the  ground  punctur- 
ing the  stalk,  causing  the  death  of  the  plant.  Mr.  Shannonhouse 
called  attention  to  the  fact  that  where  com  had  followed  cottoo 
crops  no  damage  was  apparent,  but  where  the  preceding  crop  had 
been  com  the  damage  was  in  many  cases  very  severe,  often  renting 
in  a  total  loss  of  the  crop.  In  cases  where  the  land  had  been  planted 
to  com  in  alternate  years,  and  during  the  intervening  years  to  some 
other  crop,  no  difficulty  was  experienced.  The  author,  tc^hff 
with  Mr.  Vernon  King,  visited  these  fields  in  company  with  Mr. 
Shannonhouse  on  June  20  and  made  a  careful  examination  of  them. 
It  was  found  that  where  cotton  had  been  the  previous  crop,  attack 
by  Sphenophorus  was  hardly  noticeable.  LarvsB  were  abundant, 
ranging  from  newly  hatched  to  half-grown,  while  eggs  were  being 
deposited  on  both  small,  tender  plants,  and  on  laiger,  more  mature 
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Plate  IX. 


Fig.  1.— View  of  Cornfield  near  Appleton,  Tenn.,  Showing  Damage  by  the 
"Curlew  Bug."    (Original.) 


Fig.  2.— Corn  Plants,  Showing  Normal  Plant 
AND  those  Damaged  by  the  "Curlew  Bug." 
(Original.) 
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ones.  From  one  to  several  eggs  were  laid  on  each  plant,  either  just 
beneath  the  surface  of  the  soil,  dighdy  above  the  roots,  or  from  2  to 
3  indus  above  this  podnt  in  the  stem.  Beetles  usually  rest  on  stems 
head  downwuxd,  often  partially  hidden  by  soil  around  the  plant, 
and  frequently  with  the  beak  inserted  into  the  tissues  of  the  stem. 
At  the  bottom  of  slits  made  by  the  beak^  and  easily  seen  with  the 
naked  eye,  theare  is  oftm  a  whke,  elliptical  egg,  sometimes  with  one 
end  transpaxMit.  Both  males  and  females  w^^  conmion.  On 
June  22,  di>out  3  mike  9,W9j  across  the  Perquknans  River,  on  the 
farm  of  Mr.  R.  L.  Spivey,  Mr.  King  observed  the  same  woi^  in  a 
small  patch  of  com  planted  on  spring-plowed  land  which  bore  com 
the  year  before.  Near  Mr.  Spivey's  fiirm  injury  was  also  done  to 
3  or  4  acies  of  com  on  the  farm  of  Mr.  J.  T.  Jackson,  whose  land 
also  bom  com  the  year  before.  At  this  time  only  a  few  large  plants 
of  the  first  crop  were  standing.  The  land  had  been  replanted,  but 
only  sickly  plants  were  produced,  as  these  had  been  attacked  by 
Sphenophoms  and  by  Diatnea  sp.,  the  latter  of  which  is  locally 
known  as  the  ''budworm."  An  adjoinmg  patdi  of  com^  planted  on 
soil  which  bore  com  last  year,  but  cut  early  and  the  land  &ll-plowed, 
was  seemingly  growing. 

On  July  25  Mr.  W.  K.  Walton  visited  the  same  locality  and,  in  the 
same  fields  previously  examined  by  Mr.  King  and  the  authc^,  found 
larvffi,  apparently  nearly  full  grown,  in  the  taproots  and  crowns  of 
the  plants.  Although  no  longer  feeding,  they  had  not  yet  transformed 
to  pup»,  nor  were  they  yet  in  cells  formed  for  pupation.  Some  of 
the  less  seriously  injured  stalks  of  com  wero  fimn  6  to  8  feet  high, 
with  one  writ4eveIoped  ear.  No  grasses  or  sedges  in  which  the  insect 
cotild  develop  eould  be  lomid  in  the  nei^Uborhood,  although  Mr. 
WaHoat  was  told  by  Mr.  Overton  that  masses  of  both  of  these  plants, 
with  heavy  root-stalks,  sometimes  drift  across  Albemarie  Sound 
from  the  South.  Farmers  in  that  neighborhood  say  the  pest  began 
its  depredations  i^ng  the  north  shore,  and  express  the  opinion  that 
the  pest  came  from  the  South.  Later,  September  5  and  6,  Mr. 
Walton  again  vidted  the  same  locaEty  to  learn  the  condition  of  the 
pest,  but  although  he  examined  and  pulled  up  about  100  stalks  of 
com  where  the  pest  had  been  abundant  earlier  in  the  season,  he 
could  find  no  trace  of  it  in  any  stage. 

BBXXIMULIi  AND  PBBVBNTIVB  KSA8UBJB8. 

"With  these  insects  in  full  possession  of  a  field,  there  does  not  appear 
to  be  any  thoroughly  practical  and  effective  measure  for  preventing 
or  overcoming  their  ravages.  YHiile  throwing  up  the  soil  or  hilling 
up  the  young  plants  with  the  cultivator  might  prevent  the  beetles 
themselves  from  puncturing  the  stems  low  enough  down  to  cause 
the  plants  to  sucker  or  become  distorted,  this  is  by  no  means  assured. 
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We  only  know  that  the  higher  up  the  insect  punctures  the  stem  the 
more  likely  is  the  attack  to  result  only  in  the  transverse  rows  of  holes 
across  the  leaves,  as  shown  in  figure  21  at  a.  In  any  case  this  ridging 
or  hilling  up  would  only  form  a  possible  slight  protection  against  th« 
injurious  effects  of  the  feeding  of  the  beetles.  Once  the  larv»  have 
started  to  burrow  their  way  downward  in  the  stem  there  is  no  way 
whereby  they  can  be  reached  by  any  measure  likely  to  seriously 
affect  them.  The  beetles  can  not  be  trapped  by  inducing  them  to 
hibernate  under  piles  of  rubbish  prepared  for  them  especially  for  this 
purpose,  because  there  is  excellent  proof  that  they  pass  the  winter 
in  fields  entirely  bare  of  vegetation.  Late  planting  of  the  crop,  as 
exemplified  by  repeated  replantings,  does  not  offer  any  encouragement 
in  the  way  of  preventing  future  injuries.  As  shown  by  the  observa- 
tions of  Messrs.  Walton  and  Hyslop,  very  few  of  the  insects  hiberoatc 
in  the  roots  or  old  stalks,  so  that  the  pulling  up  and  burning  of  these, 
as  in  destroying  the  larger  com  stalk-borer,  would  not  be  of  much 
value  against  this  insect.  They  probably  do  not  hibemate  to  any 
extent  in  th^ir  uncultivated  food  plants. 

Fortunately,  howev^,  the  farmer  has  within  his  reach  two  most 
practical  and  efficient  measures  of  prevention.  One  of  these  is  to 
entirely  exterminate  from  his  fields  any  of  the  natural  food  plants  d 
this  species.  Indeed,  he  should  by  no  means  attempt  to  raise  a  crop 
of  com  while  any  of  this  natural  vegetation,  upon  which  the  imect 
can  subsist,  is  still  in  existence.  The  other  measure  is  to  foUow  con 
or  rice  with  some  crop  upon  which  this  insect  can  not  feed  and  nerer 
to  plant  com  immediately  after  com  or  rice.  On  the  farms  of  the 
Messrs.  Shannonhouse  most  convincing  illustrations  were  afforded 
of  almost  complete  protection  by  rotation  of  crops.  While  in  no 
case  was  it  possible  to  find  a  badly  infested  field  of  com  following 
cotton,  there  were  plenty  of  illustrations  of  the  disastrous  effect  d 
attempting  to  raise  com  during  successive  years  on  the  same  ground 

One  field  offered  such  an  excellent  illustration  of  this  phase  of  tk 
problem  that  Mr.  William  T.  Shannonhouse  had  it  photographed,  and 
these  photc^raphs  are  used  for  illustration  in  Plates  VI  to  VUI.  In 
1910  the  eastem  portion  of  this  field  had  been  devoted  to  cotton, 
the  western  portion  to  com.  In  the  year  1911  the  entire  field  was 
planted  with  com;  as  a  result  that  portion  on  which  com  had  be^ 
raised  the  previous  year  (see  PI.  VI)  was  almost  totally  destroyed 
by  this  insect,  while  the  other  portion,  where  cotton  had  been  grown 
(see  PI.  VII),  was  almost  entirely  exempt  from  attack.  In  orda 
to  show  the  abruptness  with  which  this  injury  terminated  and  iht 
exactness  with  which  this  corresponded  to  the  dividing  line  between 
the  two  previous  crops,  the  farmer  who  had  himself  cultivated  iht 
field  in  1910,  and  was  therefore  perfectly  familiar  with  it^was  induced 
to  stand  exactly  upon  the  dividing  line  between  the  com  and  the 
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50tton.  Plate  VIII  shows  the  area  where  this  dividmg  line  between 
the  two  crops  of  the  previous  year  was  located  and  the  radical  dif- 
ference in  attack  by  Sphenophorus  between  the  two  portions  of  the 
ield.  This  field  illustrates  conclusively  both  the  fact  that  the 
l)eetles  winter  in  the  fields  where  they  develop  and  also  that  crop 
rotation  is  effective  in  preventing  serious  injury. 

KATTJBAL  BNBMIBS. 

Mr.  W.  L.  McAtee,  of  the  Biological  Survey,  has  recorded  the 
inding  of  SphenopJiorus  caUosus  in  the  stomach  of  the  nighthawk 
ChardeUes  acuHpennia  texensis)  at  WallaceviUe,  Tex.,  August  4, 1907. 
rhis  is  the  only  exact  record  obtainable  of  the  eating  of  this  species  by 
>irds.  In  addition  Dr.  Chittenden  has  placed  the  following  notes  at 
he  disposal  of  the  author: 

Among  the  ]arv»  of  this  species  in  our  rearing  cages  in  late  August  and  early  Sep- 
ember  some  years  ago  were  some  which  had  died,  apparently  of  fungus  attack,  al^ough 
here  is  a  possibility  that  the  fungus  attacked  the  insect  while  dying  or  after  death. 

In  another  instance,  during  the  last  week  of  August,  larvae  of  this  same  species  were 
lying  and  specimens  were  referred  to  Dr.  Haven  Metcalf ,  a  pathologist  in  the  Bureau 
I  Plant  Industry,  who  stated  that  they  were  apparently  free  from  fungi,  and  that 
rhile  there  was  a  possibility  of  the  presence  of  a  bacterial  disease  such  presence  could 
lot  be  established  at  that  stage.  Examination,  however,  revealed  the  &ct  that  the 
>odies  of  the  larvae  were  fairly  reeking  with  nematodes,  and  it  is  not  impossible  that 
hese  are  the  cause  of  the  insect's  fotality. 

On  September  5  and  6  Mr.  Walton  found,  in  cornfields  in  North 
Carolina  where  the  com  had  been  destroyed  (see  PI.  VIII),  many 
ixit  holes  of  the  predaceous  maggots  of  a  robber  fly,  Erax  lateralis^ 
between  the  rows  of  com,  and  it  is  possible  that  these  may  have 
levoured  some  of  the  larvsB  of  Sphenophorus.  Lamphyrid  larvsB 
frere  noted,  both  by  the  author  and  by  Messrs.  King  and  Walton, 
ibout  the  infested  hills  of  com.  Although  these  are  known  to  be 
»redaceous,  none  of  us  was  able  to  catch  them  in  the  act  of  devouring 
he  larvsB  of  the  curlew  bug. 
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THE  FALSE  WIREWORMS  OF   THE   PACIFIC  NORTHWEST. 

By  James  A.  Hyslop, 
Agent  and  Expert ^  Cereal  and  Forage  Insect  Investigations. 

INTRODUCTION. 

Up  to  within  the  past  five  years,  except  for  a  few  scattering  notices, 
the  species  of  Eleodes  have  been  considered  of  only  incidental,  if  of 
any,  economic  importance.  The  Tenebrionidae,  to  which  this  genus 
belongs,  are  sometimes  saprophagous,  feeding  on  dead  vegetable 
matter  in  the  soil,  and  occasionally  on  dead  animal  tissue  as  well 
as  on  stored  grain  and  other  food  products. 

Superficially  the  larvjB  resemble  the  true  wireworms  (elaterid 
larvae),  and  on  account  of  this  resemblance  and  the  similarity  of  their 


r^^  .^^ 


Fio.  22.— The  false  wireworm,  Bleoiet  letchni  vartdykeU  Adults  In  characteristic  attitudes.    Some- 
what enlarged.    (Original.) 

depredations  in  the  grain  fields  the  two  are  often  confused.  On 
closer  examination,  however,  Eleodes  larvae  can  be  easily  recognized; 
the  antennaB  are  rather  long  and  very  conspicuously  clavate,  the 
body  is  not  flattened,  and  the  forelegs  are  long  and  stout.  These 
larvae  can  move  with  great  rapidity  as  compared  with  true  wireworms 
The  confusion  of  Eleodes  with  the  true  wireworms  is  unfortunate, 
as  the  preventive  and  remedial  measures  for  the  two  pests  are  quite 
distinct,  what  is  efficient  treatment  in  one  case  being  quite  useless 
in  the  other. 

HISTOBICAIi. 

.  Among  the  earliest  references  to  the  economic  importance  of  these 
beetles  in  this  country  is  a  note  by  Prof.  Lawrence  Bruner/  in  which 
the  species  Eleodes  tricostata  Say  is  recorded  as  attacking  cabbage 

«  Hill,  ai  (ol  i  series).  Div.  lint.,  V.  S.  Dept.  Agr.,  pp.  11-12, 1892. 
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plants  at  Lincoln,  Nebr.,  doing  even  more  damage  than  the  cut- 
worms. It  was  also  said  to  have  attacked  o^her  garden  crops,  but 
these  are  not  definitely  recorded. 

In  1805  Prof.  C.  V.  Piper  published  an  article  in  the  Northwest 
Horticulturalist  in  which  he  refers  to  Eleodes  larv»  attacking  garden 
crops. 

In  1898  Mr.  Theo.  Pergande  *  notes  having  received  from  McPher- 
son,  Kans.,  two  larvae  of  a  tenebrionid  with  the  statement  that  they 
do  serious  damage  to  wheat  in  Salina  County,  Eans.,  by  attacking 
the  grain  when  it  becomes  softened,  destroying  the  germ.  From  one 
of  these  larvae  an  adult  was  reared  which  proved  to  be  Eleodes  sutura- 
lis  Say.  In  the  autumn  of  1911  Mr.  E.  O.  G.  Kelly,  of  this  office, 
found  the  wheat  in  southern  Kansas  attacked  by  an  EUeodes  larva 
which  may  prove  to  belong  to  this  latter  species. 

In  1908  Mr.  Myron  Swenk,'  assistant  State  entomologist  of 
Nebraska,  reported  Eleodes  opaca  Say  as  doing  very  serious  damage 
to  wheat  in  Nebraska,  in  some  instances  60  per  cent  of  the  seed 
having  been  destroyed. 

The  larvae  were  first  found  by  the  author  in  enormous  numbers  in 
May,  1909,  in  a  wheat  field  south  of  Pullman,  Wash.  The  field  was 
entirely  ruined  and  had  to  be  reseeded,  though  these  depredations 
were  not  entirely  due  to  the  Eleodes,  as  a  true  wireworm,  the  larvs 
of  Corymhites  injlatus  Say,  was  also  very  numerous. 

On  May  12  several  adult  Eleodes  pimelioides  Mann,  were  found  at 
a  depth  of  about  4  inches  below  the  surface  in  the  field  above  men- 
tioned, and  more  were  found  under  boards  and  rubbish  about  the 
fields.  Many  larvae  were  placed  in  flowerpot  rearing  cages  with 
wheat  as  food,  and  on  July  3  a  pupa  was  found  in  one  of  these  cag^. 
On  July  20  an  adult  Eleodes  pimelioides  emerged.  Later  examination 
of  several  collections  very  clearly  indicates  that  this  species  is  far  the 
more  predominant  in  the  Palouse  country. 

Other  species  known  to  occur  in  this  region  are  Eleodes  ohscura  Say 
var.  sulcipennis  Mann.,  Eleodes  hispHabris  Say  var.  hevis  Blaisd., 
Eleodes  extricata  Say,  Eleodes  manni  Blaisd.,  Eleodes  humeralis  Lee., 
Eleodes  schwarzii  Blaisd.,  and  Eleodes  nigrina  Lee. 

In  the  spring  of  1909,  on  examining  an  oat  field  at  Govan,  Wash., 
that  had  been  almost  completely  destroyed,  many  tenebrionid  larvae, 
Eleodes  letcheri  Blaisd.  var.  vandyJcei  Blaisd.,  were  found  crawling 
over  the  surface  of  the  field.  They  had  evidently  been  forced  to 
leave  the  ground  by  a  heavy  rain  which  fell  the  day  before.  On 
digging  in  this  field  many  more  larvae  were  found  about  ready  to 
pupate. 

In  the  spring  of  1910  the  adults  were  found  in  enormous  numbers 
on  the  roadsides  in  the  Big  Bend  region  and  in  the  middle  of  the 

Bureau  of  Entomology  Notes,  No.  8186.  «  Joum.  Eooo.  Ent.,  vol.  2,  p.  832, 1909. 
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ummer  they  were  found  under  the  grain  shocks  in  large  numbers. 
11  this  region  the  species  in  enormous  preponderance  is  Eleodes 
etcheri  vandyJcei.  Eleodes  pimeUoides,  Eleodes  nigrina,  Eleodes  his- 
nldbris  var.  IsBvis,  and  Eleodes  obscura  var.  svlcipennis  also  occur; 
he  first  one  rarely,  the  last  three  quite  commonly. 

The  results  of  three  seasons'  work  in  the  Pacific  Northwest  demon- 
itrate  quite  conclusively  that  the  false  wireworms  are  among  the 
nost  destructive  insects  to  recently  planted  wheat  and  com  in  this 
egion.  They  rank  second  only  to  the  true  wireworms  (elaterid 
arv8B). 

False  wireworms  are  native  and  not  introduced  forms;  the  climatic 
^nditions  of  the  country  are,  therefore,  ideal  for  their  existence, 
rhe  converting  of  enormous  areas  of  the  scantily  verdured  sage- 
>rush  prairie  into  wheat  ranches  has  afforded  them  a  new  and 
ncreased  food  supply  and  the  destruction  of  the  sage  hen,  badger, 
ind  homed  toad  has  removed  their  normal  foes. 

BISTBIBXTTION. 

The  genus  Eleodes,  to  which  the  beetles  treated  in  this  paper 
3elong,  is  very  closely  confined  to  the  Upper  and  Lower  Sonoran 
^ones.  The^e  beetles  do  not  fly  and  are  therefore  more  restricted 
n  their  distribution  than  insects  which  have  a  more  active  means  of 
lissemination.  The  mass  of  the  species  occur  in  the  Southwest, 
sehile  several  occur  in  the  arid  and  semiarid  regions  of  California, 
Dr^on,  Washington,  and  Idaho.  A  few  species  extend  into  the 
[!arolinian  Zone  in  Kansas,  Nebraska,  and  Iowa,  Eleodes  tricostata 
[laving  been  collected  as  far  east  as  Independence,  Iowa. 

Eleodes  pimelioideSj  however,  seems  to  be  an  exception  to  this 
general  rule,  and  is  very  nearly  confined  to  the  northwestern  por- 
tion of  the  Transition  Zone,  only  occasionally  being  found  in  the 
Sonoran  where  this  zone  merges  into  the  Transition.  Specimens 
liave  been  collected  in  the  very  humid  coastal  region  of  Washington, 
eis  well  as  in  semiarid  regions  of  this  State,  of  Idaho,  and  of  Oregon ;  in 
the  Rocky  Mountains  at  Helena,  Mont.,  as  well  as  at  very  nearly  sea 
level  on  Vancouver  Island.  The  species  is  predominant  in  the  semi- 
arid  Transition  of  Washington  and  Idaho,  the  region  commonly 
known  as  the  Palouse  country.  The  southernmost  records  of  this 
species  are  Lake  County,  Cal.;  Elko,  Nev.;  Wasatch,  Utah;  and 
Garland,  Colo.  It  extends  east  to  the  middle  of  Colorado  and  north 
to  Vancouver,  British  Columbia. 

Eleodes  letcheri  vandylcei  has  been  collected  at  The  Dalles,  Oreg.,  by 
Messrs.  Hubbard  and  Schwarz.  Dr.  E.  C.  Van  Dyke  has  taken  this 
species  in  Modoc  County,  Cal.,  and  we  have  found  it  to  be  the  pre- 
dominant species  in  the  Big  Bend  region  of  Washington,  All  of 
these  localities  are  well  within  the  Upper  Sonoran  Zone. 
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KUodes  opaca  is  apparently  confined  to  the  Plains  region  east  of 
the  Rocky  Mountains,  specimens  having  been  collected  in  central 
and  eastern  Colorado,  western  Kansas  and  Oklahoma,  northern 
Texas,  all  of  Nebraska,  and  southern  and  eastern  South  Dakota. 

Eleodes  suturalis  occurs  over  about  the  same  region  as  E.  opaca, 
with  its  variety  texana  Lee.  extending  southward  into  New  Mexico 
and  southern  Texas. 

THB  WO&K  IN  THB  BIO  BBND  BBGION  OF  WASHINOTOH. 

On  May  28,  1909,  an  oat  field  at  Go  van,  Wash.,  was  examined. 
This  field  had  been  almost  completely  destroyed  by  true  wireworms; 
besides  these,  many  larv»  of  Eleodes  letcheri  vandyJcei  were  found  on 
the  surface  of  tfie  ground,  evidently  forced  out  by  the  unusually  late 
heavy  rains  of  the  preceding  day.  These  latter  were  by  far  too  few 
in  numbers  to  have  destroyed  the  oats.  Bluebirds  (Sialia  me^cicana 
occidentalis)  were  noticed  feeding  in  the  fields  in  large  numbers  on 
the  exposed  Eleodes  larvae.  Many  of  the  larvae  were  also  found  in 
the  ground  at  a  depth  of  from  3  to  5  inches,  in  small  spherical  cells, 
wherein  they  lay  in  a  curled  position.  These  were  considerably 
softer  and  paler  colored  than  those  found  in  an  active  condition. 

The  work  in  1910  started  early  in  April  when  the  false  wireworms 
were  to  be  found  scatteringly  throughout  the  grain  fields,  the  grain 
having  just  sprouted. 

Adults  were  first  observed  in  1911  on  April  17,  the  day  being 
quite  hot,  but  the  weather  up  to  this  time  having  been  very  cool. 
The  beetles  were  to  be  seen  at  about  3  o'clock  in  the  afternoon  in 
great  numbers  along  all  the  roadsides,  where  they  were  either  awk- 
wardly hurrj'ing  over  the  ground  or  nibbling  at  the  foliage  of  the 
very  young  Polygonum  littordUj  which  is  very  abundant  in  this 
region. 

Adults  of  the  larger  species,  Eleodes  ohscura  mdcipennis,  were 
usually  to  be  found  in  or  about  the  burrows  of  the  ground  squirrd 
(^Citellus  tmtmsendi)  and  the  badger. 

When  disturbed,  the  species  of  Eleodes  have  the  ludicrous  habit  of 
standing  still  and  elevating  the  abdomen  so  that  the  long  axis  of  the 
body  approaches  the  perpendicular  instead  of  the  nearly  horizontal 
position  it  normally  maintains  while  walking  or  at  rest.  The  two 
beetles  to  the  right  in  figure  22  are  in  this  attitude.  Thus  they  will 
remain  motionless  for  several  minutes  and  finally,  if  they  are  not 
further  disturbed,  they  walk  off.  If  one  places  the  finger  near  the 
insect,  an  oily  Uquid  is  excreted  from  the  anal  aperture,  which  flows 
down  over  the  elytra  and  abdomen.  This  Uquid  is  pale  yellow  in 
color  and  makes  a  dark-brown  stain;  it  has  a  very  characteristic, 
strong,  astringent,  and  offensive  odor,  and  is  evidently  protective  in 
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function.  Mr.  Carl  F.  Gissler  *  describes  this  secretion  and  the 
glands  from  which  it  is  secreted. 

Many  pairs  were  in  coitu  on  the  17th  of  April,  and  on  the  21st  a 
female  that  was  confined  in  a  pill  box  laid  four  eggs.  Between  the 
21st  and  23d,  when  the  female  died,  she  laid  10  more  eggs,  which, 
however,  failed  to  incubate.  Females  dissected  in  the  laboratory 
were  found  to  contain  from  92  to  199  e|^s.  The  eggs  were  found 
to  he  on  the  ventral  side  of  the  abdomen  and  to  extend  upward 
and  over  part  of  the  viscera,  filling  all  the  interstices  about  the 
alimentary  canal.  The  eggs  were  so  crowded  in  the  abdomen  that 
they  were  quite  distorted.  Anteriorly  the  eggs  were  smaller  and 
were  fastened  to  the  anterior  abdominal  sclerite  by  fine  filaments. 

The  mating  season  lasted  about  two  weeks,  but  the  adults  were  in 
evidence  throughout  May  and  June.  Well-grown  larvae  were  also 
to  be  found  at  this  time.  Many  of  the  adults  in  the  rearing  cages,  as 
well  as  two  individuals  observed  in  the  field,  were  seen  to  burrow  into 
the  ground.  This  is  accomplished  by  digging  with  the  front  tibiae, 
which  are  expanded  and  armed  with  spines  for  the  purpose,  the  tarsi 
being  folded  back  out  of  the  way.  The  loose  dirt  is  conveyed  back- 
ward by  the  middle  legs  and  piled  up  behind  the  beetle  by  the  hind 
legs.  When  about  one-fourth  of  an  inch  of  dirt  has  accumulated  the 
beetle  backs  out  of  the  hole,  pushing  the  earth  out  with  the  abdomen, 
the  hind  legs  assisting  in  this  process  by  keeping  the  earth  piled  be- 
hind the  abdomen.  On  examining  these  burrows  two  or  three  eggs 
were  found  in  each.  The  burrows  are  filled  with  earth  after  the 
beetles  come  out  and  are  from  4  to  8  inches  deep. 

Rearing  cages  were  estabUshed  by  sinking  barrels  to  the  surface 
level,  filling  them  with  earth,  and  fitting  vertically  onto  the  top  a 
galvanized-iron  cylinder  10  inches  in  height  and  the  diameter  of  the 
inside  of  the  barrel  top,  the  open  upper  end  being  covered  with  wire 
mosquito  bar,  with  an  introduction  hole  made  in  the  wire  screen  and 
corked. 

On  April  20  about  30  pairs  of  mated  Eleodes  letcheri  vandyJcei  were 
placed  in  this  cage,  which  had  previously  been  seeded  with  wheat 
and  planted  to  Polygonum  littorale. 

By  June  25  the  beetles  were  all  dead  in  the  cage,  probably  due  to 
abnormal  conditions  as  well  as  age,  though  no  Uving  beetles  could 
be  found  in  the  fields  at  that  time.  Small  larvae  4  to  5  mm.  (about 
three-sixteenths  inch)  in  length  were  then  to  be  found  in  the  cage. 

On  examining  the  cage  on  November  14  the  larvae  were  found  to 
be  about  14  mm.  (nine-sixteenths  inch)  in  length  and  at  about  a  depth 
of  12  to  24  inches  below  the  surface.  The  soil  in  the  rearing  cage 
was  as  dry  as  powder  to  a  depth  of  nearly  2  feet,  but  the  desiccation 
did  not  seem  to  aflfect  the  larvae. 


»  Psyche,  vol.  2,  no.  58,  1879,  p.  209. 
24335°— Bull.  95,  pt  5-12 2 
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July  4,  1911,  the  cage  was  again  examined  and  the  larvae  were 
found  to  be  about  1 J  inches  long.  From  early  in  July  to  the  middle 
of  August  it  became  necessary  to  be  away  from  Govan,  where  this 
experiment  was  in  progress.  On  returning,  August  16,  the  root  cage 
was  examined  and  two  adults  found  about  6  inches  below  the  surface. 
They  were  hard  and  had  evidently  emerged  some  days  before  this 
date.  When  the  boards  which  had  been  placed  over  the  barrel  to 
protect  it  during  the  winter  were  removed  in  the  spring,  a  number 
of  adults  was  found  that  had  hibernated  under  tliis  shelter.  On  the 
above  date  and  at  a  depth  of  about  20  inches  a  very  young  false 
wireworm  (3.5  mm.  long)  was  found;  it  was  pure  white  and  had 
evidently  but  very  recently  hatched.  This  larva  was  undoubtedly 
the  young  of  one  of  these  accidentally  introduced  beetles. 

The  soil  at  this  time  was  dry  to  a  depth  of  4  inches.  On  June  25  a 
pupa  was  found  in  the  field,  placed  in  a  pill  box  with  dirt,  and  on  the 
30th  an  adult  Eleodes  letcheri  vandykei  emerged.  In  the  fields,  where 
a  farmer  was  plowing  liis  summer-fallow — and  it  may  be  remarked 
that  this  is  exceptionally  late  for  working  the  summer-fallow  in  this 
country — pupae  were  found  turned  out  by  the  plow.  A  little  flock 
of  Brewer's  blackbirds  (EupkagiLs  cyanocephalus)  were  walking  in  the 
furrow  a  few  yards  behind  the  plow  and  picking  up  the  upturned 
insects. 

From  the  middle  of  July  until  the  grain  is  harvested  adults  are  to 
be  found  in  large  numbers  under  the  grain  shocks  and  bundles  as  they 
stand  in  the  field,  and  also  under  grain  sacks.  Most  of  the  beetles 
are  quite  soft  early  in  the  season,  but  later  become  hard. 

DESCRIPTIONS. 

Eleodes  letcheri  vandykei  Blaasd. 

The  egg  (fig.  23).— The  egg  is  bluntly  oval  in  longitudinal  section  and  circular  in  cross 
Be<tion;  it  meanures  1.1  mm.  in  length  and  0.62  mm.  in  diameter;  it  is  of  a  pure  glis- 
tening white  color  and  absolutely  without  sculpturing.     Ovarian  eggs  measured  1.17 

mm.  in  length  and  0.74  mm.  in  diameter. 

The  larva  (fig.  24). — Elongate,  subcylindrical,  con- 
vex dorsally,  flattened  ventrally.    Yellowish,  ventral 
surface  paler,  anterior  and  posterior  margins  of  first 
thoracic  and  posterior  margins  of  succeeding  segments 
brown;  head  slightly  brown,  edge  of  mandibles  black, 
base  of  mandibles  brown;  claws,  spines  on  legs,  and 
caudal  se<;ment  dark  brown;  antennae  pale  yellow. 
Fia.  23.— Fahw  wireworm,  Eleodes      Anterior  and  posterior  margins  of  first  and  posterior 
letcheri  vandykei:  Egg.    Greatly      margins  of  succeeding  segments  with  striate  marginal 
enlarged.   (Original.)  bands;  band    on  anterior  margin  of   first   segment 

broad«r  and  more  coarsely  striate.  Caudal  segment  scutelliform,  flattened  dorsally 
and  c*^  wex  ventrally,  bearing  18  stout  spines  on  it^  margin — 4  on  each  lateral  mar- 
gin and  10  on  terminal  margin;  a  slight  space  equal  to  that  occupied  by  one  spine 
separates  the  lateral  from  the  terminal  spines.     Several  long  hairs  and  a  basal  row 
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of  short  hairs  on  caudal  s^ment.'    Head  subquadrate,  very  convex, 

base  to  labrum  equal  to  one-half  width 

of    head,   sides    converging    anteriorly, 

posterior  angles  rounded;  two  stout  hairs 

on   lateral  dorsal  surface;    two    oblong 

black  eye-spots  on  lateral  anterior  part, 

a  large  one  at  base  of  antennae,  and  a 

smaller  one  posterior  and  dorsad  of  this. 

Suture  arising  at  base  of  each  mandible 

flexed  laterally  and  converging  posteri- 
orly to  unite  with  the  median  sutiure  at  a 

distance  from  base  of  head  equal  to  one- 
fourth  distance  from   base  to   labrum; 

mouth  parts  usually  directed  ventrally. 

Labrum  large,  basal  joint  trapeziform, 

terminal  joint  rounded,  bearing  several 

hairs  on  margin,  both  joints   margined 

an  teriorly .    Mandibles  large,  visible  from 

above.    Labium  not  covering  mandibles, 

ligula  broader  than  palpifer;  labial  palpi 

cylindrical,    two-jointed,    second'  joint 

papilliform ;  men  tum  larger  than  palpifer, 

aubmentum    larger  than    mentum,    all 

quadrangular  and  narrower  at  base  than 

at  anterior  margin.    Maxillae  larger  than 

labium,  stipes  directed  laterally,  palpifer 

elongate  and  directed  antero-medially; 

maxillary    palpi   at   about    middle    of 

palpifer,  three-jointed,  first  and  second 

joints  about  equal  in  length,  first  stouter, 

third  papilliform.    Thoracic  legs  stout; 

first  pair  longer  than  width  of  thorax, 

«econd  and  third  pairs  one- third  shorter; 

first  pair  very  heavy,  terminal  hook  as 

long  as  fourth  joint,  second  joint  bearing 

2  stout  short  spines  on  inner  distal  margin,  third  joint  bearing  3  marginal  spines 

and  fourth  joint  bearing  4  such  spines. 
The  pupa  (fig.  25).— Length  11  mm., 
width  5.3  mm.,  arcuate  dorsally,  flat- 
tened to  slightly  concave  ventrally. 
Entirely  white  when  first  pupated  but 
eyes  soon  become  black  followed  by 
tips  of  mandibles;  just  prior  to  emerging 
the  elytra  and  dorsum  of  thorax  become 
black.  Head  pressed  to  the  presternum. 
Pronotum  very  broad  and  protruding 
anterior  to  the  head,  making  the  latter 
invisible  from  above.  Mesonotum  very 
narrow  and  scutelliform,  with  indistinct 
transverse  sulcus  slightly  anterior  to  mid- 
dle. Metanotum  sagittiform,  about  as 
broad  at  anterior  mai^in  as  mesonotum. 
At  the  base  of  each  elytron  and  of  each 
secondary  wing  pad  is  a  rounded  swell - 
.    Between  dorsal  and  pleural  abdominal 


Fig.  24.  -False  wlreworm,  Eleodet  letcheri  vandpkei, 
a,  Larva,  dorsal  aspect;  b,  he  id,  dorsal  aspeot; 
c,  head,  ventral  aspect;  d,  caudal  segment,  dorsal 
aspect,  a,  Much  enlarged;  b,  c,  d,  more  enlarged. 
(Original.) 


a 

Fio.  25.— False  wlreworm,  Elcodes  letcheri  -vandykn: 
a,  Pupa,  ventral  aspect;  b,  same,  dorsal  aspect. 
Much  enlarged.    (Original.) 

ing.    Seven  abdominal  plates  visible  dorsally 
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platefi  is  a  difltinct  depresMon  forming  a  8ubiiiaiig:inal  groove.  The  caudal  segmeBt 
bean  a  pair  of  poRteriorly  directed  epinee  near  posterior  maigin  donally  and  a  pair  of 
median  anal  lobes  ventrally.  Head,  legH,  and  antennae  free.  Antennae  passing 
behind  firnt  and  second  pairs  of  legs  and  over  wing  pads.     Elytra  folded  ventialiy 

over  the  posterior  legs. 
Eyes  conspicttous.  Pleural 
margin  of  abdominal  se^ 
ments  bearing  mammiform 
tubercles.  Body  without 
hairs  or  bristles. 

Theadult » (fig.  26).— More 
or  less  shining,  elytra  not 
pube.<;ent.  Antennae  with 
the  third  joint  scarcely  as 
long  as  the  next  two  com- 
bined, fourth  joint  a  little 
longer  than  the  fifth,  the 
latter  slightly  longer  than 
the  sixth,  the  latter  and  the 
seventh  equal. 

Pronotum  usually  wide^ 
at  the  middle,  frequeitly 
widest  just  in  front  of  the 
middle. 

Elytra  irregularly  and 
quite  densely  muricately 
punctate,  ver\-  minutely  » 
on  the  dorsum,  coarser  m 
the  sides  and  apex;  from 
each  puncture  arif^e^i  a  rather 
short,  stiff,  curved,  incon- 
spicuous and  semirecum- 
bent  seta.  Thes»e  are  net 
evident  on  the  indexed 
sides. 

Otherwise  as  in  Utdteri, 
but  a  little  more  robu:«t. 
Mtnsurcmenle. — Males:  Length,  14.5-16  mm.;  width,  5-6.5  mm.    Females:  L^^th, 
15-16  mm.;  width,  7.5  mm. 
Genital  characters  as  in  leicheri. 

Eleodes  pinielioides  Mann. 

The  egg. — Oval  in  longitudinal  section  and  circular  in  cross-section;  1.34  mm.  is 
length  and  0.85  mm.  in  diameter;  pure  glistening  white;  without  sculpturing  cf  any 
kind. 

The  larva. — Elongate,  cylindrical,  convex  dorsally,  flattened  ventrally.  Yeliowsh, 
first  thoracic  and  eighth  abdominal  segments  brownish,  ventral  surface  paler,  anterior 
and  poHterior  margins  of  first  thoracic  and  posterior  margins  and  anterior  submaigiial 
areas  of  succeeding  segments  brown,  a  distinct  pale  median  vitta;  head  brownish 
posteriorly,  edge  of  the  mandibles  black,  base  of  the  mandibles  brownish;  clai^ 
spines  on  legs,  and  caudal  segment  brown;  antennae  brownish.  Anterior  mjugin  oi 
first  thoracic  segment  excavated,  posterior  margins  on  all  segments  except  caudal 

» The  descripUon  of  the  adult  given  herewith  is  taken  from  ''A  Monographic  Rerlslonof  the  CoJe^ 
tera,  belonging  to  the  Tenebrlonide  Tribe  Eleodiioi,  inhabiting  the  United  States,  Lover  < 
and  Adjacent  Islands,"  by  Frank  E.  Blaisdell,  Sr.    Bui.  63,  U.  S.  Nat.  Mus.,  p.  136»  1909. 


FiQ.  2»». 


-Fills*'  wirewonn,  Eleodet  Ittcherl  vandpkei:  Adult,  dorsal 
aspect.    Much  enlarged.    (Original.) 
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depressed,  faintly  striate.  Caudal  segment  scutelliform,  slightly  convex  dotsally, 
margined  laterally,  tip  curved  slightly  upward,  bearing  18  acute  spines  on  mai^gin — 
4  groups  of  2  spines  each  on  each  lateral  margin  and  2  spines  at  tip.  A  number  of 
hairs  on  dorsal  surface  and  many  on  ventral  Surface.  Head  subquadrate,  very  convex, 
sides  converging  anteriorly,  posterior  angles  rounded,  2  hairs  on  lateral  dorsal  and 
several  hairs  on  ventral  surface;  2  black  eye  spots  on  lateral  anterior  part  of  head,  a 
laige  oblong  one  at  the  base  of  antennae,  and  a  smaller  square  one  posterior  and  dorsal 
of  this.  Suture  arising  at  the  base  of  each  mandible  flexed  laterally  and  convc  rging 
posteriorly  to  imite  with  median  suture  near  base  of  the  head.  Basal  joint  of  labrum 
trapeziform,  terminal  joint  rounded,  trilobed,  hairs  on  margin.  Mandibles  large, 
visible  from  above.  Ligula  broader  than  palpifer,  labial  palpi  cylindrical,  2-jointed, 
second  joint  papilliform,  mentum  larger  than  palpifer,  submentum  laiiger  than  men- 


Fio.  27.— Fals3  wiroworm,  EUodet  pimelioides:  o,  Adult,  dorsal  aspect;  6,  oaudal  segment  of  larva,  dorsal 
aspect;  c,  caudal  segment  of  larva,  lateral  aspect,  a,  Much  enlarg.?d;  b,  c,  more  enlarged.  (Original.) 

turn.  Legs  4-jointed.  Second  joint  of  anterior  legs  with  2  short  stout  spines  on  inner 
anterior  margin;  third  joint  of  anterior  legs  with  3  longer  spines  on  inner  margin,  and 
fourth  joint  with  3  still  longer,  stout  spines;  2  spines  on  inner  side  and  1  spine  on  outer 
side  of  base  of  claw. 

The  pupa. — The  pupa  of  this  species  is  very  similar  to  that  of  Eleodes  letcheri  van- 
dykeiy  from  which  it  can  be  distinguished,  however,  by  a  pair  of  rather  stout  spines  at 
the  apex  of  the  secondary  wing  pc^s. 

The  adult  (Fig.  27).'— The  following  description  is  from  page  384  Dr.  BlaisdelFB 
monograph  pre\'iou8ly  mentioned  in  this  paper: 

Moderately  robust,  ovate,  feebly  shining  to  opaque,  about  twice  as  long  as  wide; 
prothorax  more  or  less  strongly  constricted  at  base,  densely  rugoso-punctate;  elytra 

1  Originally  described  in  Bui.  Soo.  Nat.  Mosoou,  vol.  IG,  p.  274, 1843. 
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sculptured  with  small  tubercles,  which  may  be  rounded  or  reclinate  and  more  or  lea 
piliferoue.  Head  densely  punctate,  antennie  somewhat  slender,  ninth  joiut  triia- 
gulo-orbicular  to  transversely  oval,  tenth  more  or  less  transversely  oval. 

Pronotum  subcordate  to  transversely  suboval,  widest  near  the  middle,  a  fourth  to 
scarcely  a  half  wider  than  long;  sides  evenly  and  quite  strongly  arcuate  to  baadieT- 
enth,  or  subangulate  at  middle,  rounded  in  front  and  quite  rapidly  converging  pos- 
teriorly and  sinuate  at  basal  fourth,  thence  in  each  instance  quite  straight  and  ^- 
allel  to  the  basal  angles;  base  equal  to  the  length  or  in  some  males  shorter  than  the 
length;  apical  angles  obtuse,  frequently  not  in  the  least  rounded,  at  other  times  mm 
or  lees  so. 

Elytra  quite  broadly  oval  to  subquadrate,  widest  at  or  behind  the  middle,  a  fourtli 
to  a  third  longer  than  wide;  disc  more  or  less  deplanate  on  tiie  dorsum,  strongly,  iico- 
ately,  and  yerdcally  declivous  posteriorly;  surface  densely  tuberculate,  tubercla 
apparently  arranged  in  rows  on  tha  dorsum  or  irregular  throughout;  each  bearsa  vwy 
short,  black  seta  near  the  apex;  when  arranged  in  rows  there  are  very  small  muricatie 
punctures  scattered  span^oly  and  irregularly  between,  always  lees  distinct  along  tin 
suture  centrally;  the  tubercles  are  more  or  less  rounded  and  shining,  the  intereticas 
between  more  or  less  opaque.     Otherwise  as  in  cordata. 

Male. — First  two  joints  of  the  pro  tarsi  with  tuft  of  yellowish  pubescence  near  dp 
beneath;  that  of  the  second  joint  is  rather  small;  tuft  on  the  first  joint  of  the  mesottw 
quite  small.     Tufts  somewhat  long  and  tnmcate  at  tips.     Otherwise  as  in  cordaJia. 

Female. — First  joiut  of  the  anterior  tarsi  distinctly  thickened  at  tip  beneath.'  Oth- 
erwise as  in  cordata. 

Measurements. — Males:  Length,  12-14.5  mm.;  width,  6-7  mm.  Females:  Lengtli, 
13-15.2  mm.;  width,  6.5-8  mm. 

Genital  characters,  male. — As  in  cordata. 

Female. — Genital  segment  triangular,  surface  quite  plain  and  slightly  setose. 

Valvukt. — Dorsal  plate  oblong,  feeble  or  scarcely  narrowed  apically,  slightly  explifr 
ate  externally;  apical  margin  nearly  transverse  to  feebly  oblique,  inwardly  not  de- 
fined from  the  surface  of  the  apex,  angle  obtuse  and  more  or  less  feebly  rounded. 

Ventrolateral  surfaces. — Submarginal  groove  distinct  and  well  defined  ben^thtk 
expanded  external  border  of  the  dorsal  plate.     Otherwise  as  in  cordata. 

FOOD    SITB STANCES. 

False  wireworms  are  known  to  feed  on  the  seed  of  wheat, 
and  corn,  on  the  tubers  of  potato,  on  the  fleshy  roots  of  sugar 
and  on  several  garden  crops,  as  well  as  on  a  variety  of  dead  or 
matter. 

If  several  larvie  are  placed  in  a  small  rearing  cage  with  in 
ficient  food  they  invariably  prey  upon  one  another  until  the 
but  a  single  surv'ivor.     Mr  Swenk  ^  observed  that  in  cages  wh 
larva^  died  of  a  dii^ease  their  more  fortunate  survivors  ate  the 
individuals. 

The  adult  beetles   have   been   observed  feeding  on   the  seedj 
wheat  and  corn,  on  the  leaves  of  corn,  on  Polygonum  littorale  and  oil 
weed  leaves,  and  on  decaying  vegetable  matter.     An  adult  beetle  1 
kept  alive  for  several  months  in  our  laboratory.     It  was  fedj 
wheat  and  occasionally  drank  from  a  piece  of  w^et  cotton. 

>  Joum.  Econ.  Ent.,  vol.  2,  p.  336, 1909. 
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SEA80NAX  HISTOBY. 

The  following  life  history  was  worked  out  for  Eleodes  letcheri 
vandyJcei  at  Govan,  in  the  Big  Bend  region  of  Washington,  and  unless 
otherwise  indicated  the  data  refer  to  this  species. 

The  adults  emerge  from  hibernation  in  the  early  spring,  about 
the  middle  of  April,  and  after  feeding  for  a  short  time  on  the  leaves 
^  of  various  weeds,  principally  Polygonum  littoraley  mate  and  start 
oviposition.  The  eggs  are  deposited  a  few  at  a  time  in  the  ground, 
the  adult  female  burrowing  down  through  the  soft  dust  to  the  moist 
soil  below,  usually  to  a  depth  of  from  2  to  4  inches.  The  average 
number  oif  eggs  laid  by  one  female  is  probably  about  150.  Five 
specimens  of  female  Eleodes  letcheri  vandyJcei  that  were  collected  on 
April  30,  1911,  were  dissected  and  found  to  contain  199,  138,  161, 
157,  and  92  eggs,  respectively.  Most  of  these  eggs  were  full-sized 
and  probably  mature,  though  one  female  contained  45  eggs  and 
another  91  eggs  which  were  about  one-third  full  size.  A  female 
Eleodes  pimelioidea,  collected  May  1,  1911,  at  Pullman,  Wash.,  was 
found  to  contain  167  e^s  and  2  females  of  Eleodes  nigrina  collected 
late  in  April  contained  96  and  58  eggs,  respectively. 

The  eggs  hatch  in  about  18  days,  the  recently  emerged  larvae 
being  cream-white,  but  rapidly  assiuning  the  normal  amber-yellow 
color. 

The  larvfiB  feed  throughout  the  ensuing  summer,  usually  on  decay- 
ing vegetable  matter,  hibernate,  an'd  resume  feeding  as  soon  as 
the  soil  becomes  warm  enough  the  following  spring,  but  this  time 
disastrously  to  the  spring-sown  grain.  In  June  the  larvae  trans-- 
form  to  pupae,  and  early  in  July  the  newly  emerged  adults  commence 
to  appear.  They  are  quite  soft  on  first  emerging  and  take  two  or 
three  days  to  become  thoroughly  hardened.  These  9,dults  feed  during 
the  remainder  of  the  summer,  congregating  in  large  numbers  imder 
the  grain  sacks,  shocks,  and  any  convenient  shelter.  They  eat  a 
small  amoimt  of  grain  and  other  vegetable  matter  and  go  into  hiber- 
nation without  mating.  In  the  spring  they  resume  activity  and 
mate,  thus  completing  the  life  cycle.  They  hibernate  under  boards, 
in  squirrel  holes,  and  in  the  ground.  Prof.  W.  T.  Shaw,  of  the  Wash- 
ington State  College,  in  digging  out  burrows  of  a  ground  squirrel 
iCiteUus  coluwbianus),  found  specimens  at  a  depth  of  6  feet  below 
the  surface  in  the  burrows.  I  have  dug  out  the  hibernating  beetles 
at  a  depth  of  about  6  inches  in  the  soil  in  wheat  fields  and  also  in 
barrel  root-cages. 

Larvae  of  Eleodes  suturalis  were  received  by  Mr.  Theo.  Pergande  * 
on  October  26,  1898,  from  McPherson,  Kans.  These  pupated  before 
May  19  and  adults  emerged  May  30.  From  this  note  it  would  seem 
that  Eleodes  suturalis  varies  from  Eleodes  letcheri  vandyJcei  in  its  life 

1  Bureau  of  Entomology  Notes,  No.  8186. 
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hJstoiy,  hibernating  as  mature  larvse  or  pupse  and  transfonning  to 
adults  much  earlier  in  the  season  than  the  latter. 

The  adults  of  the  species  hereii^  treated  seem  norm,ally  to  live  but 
one  season,  but  Dr.  F.  E.  Blaisdell  records  keeping  adults  of  Eleod($ 
dentipes  in.  confinement  for  over  four  years. 

NATXJBAX  BNEIOBS  AND  PABASITBS. 

The  hard  chitinous  integument,  together  with  the  ofTensiTe  secre- 
tions, of  these  beetles  render  them  almost  inmiune  to  attack  by 
birds*  Several  Western  vesper  sparrows  (Pocscetes  gramineus  emr 
Jinis),  two  homed  larks  (Otocoris  alpestris  var.),  a  kiUdeer  plovff 
(Otyechua  voeiferus),  a  ** billy"  owl  (Speotyto  cuniadaHn  hypogasa), 
and  a  Brewer's  blackbird  (Euphagus  cyanocepJudus)  were  shot  wMe 
feeding  in  the  grain  fields  and  the  stomach  contents  examiDed; 
these  failed  to  show  any  evidence  that  the  birds  had  f^  on  adult 
Eleodes. 

Of  the  domesticated  birds,  chickens  and  ducks  eat  adult  Eleodes 
in  large  munbers.  Twenty-five  beetles  were  fed  to  one  hen  and 
were  eaten  very  greedily.  Yoxmg  turkeys  would  not  eat  these 
insects.  They  would  seize  the  beetle  and  immediately  drop  it  id 
shake  the  head  violently  as  though  they  disliked  the  taste,  and 
after  two  or  three  similar  experiences  would  learn  to  recognize  Hm 
insects  and  would  not  touch  thenx. 

A  lai^e  number  of  these  beetles  were  fed  to  confined  pheasants 
and  though  the  conditions  were  very  abnormal,  the  results  mar  be 
.  suggestive.  Reeves  pheasant  (Phasianus  reeveei)  and  the  al^^^ 
pheasant  (Gennxus  nychihemerus)  ate  the  beetles  freely,  while  the 
golden  pheasant  (Chrysolophus  pictus)  and  the  Lady  Amherst  ptw^- 
ant  {ChrysolopJiTis  amherstse)  refused  even  to  notice  the  beetk 
However,  these  birds  seemed  quite  annoyed  by  our  presence,  vs^ 
might  have  eaten  the  beetles  had  they  not  been  frightened.  ^'' 
Chinese  pheasants  (Phasianus  torquatus)  were  available,  so  we  can 
not  say  whether  or  not  these  birds  would  be  of  any  value  as  enemie 
of  Eleodes. 

From  several  sources  we  were  informed  that  the  sage  hen  (Cef^' 
cercus  urophasianus)  feeds  lai^ely  on  these  beetles,  the  crop  at  tiine| 
being  gorged  with  the  black  chitinous  fragments^     In  the  record> 
the  Bureau  of  Biological  Survey  of  this  department  the  followii^ 
birds  are  listed  as  feeding  more  or  less  extensively  on  adult  Eleod^ 

California  shrike  {Lanius  ludovidanus  gambeli),  road-runner  {Geoaxxyx  cal^cff^^ 
niL8)y  Lewis '8  woodpecker  {Asyndesmus  leivisi)^  western  crow  (Conms  braekyrkj^ 
hesperis)^  bronzed  grackle  (Quiscalus  quiscula  aeneiis),  red-headed  wood{>eck^  {^*^ 
nerpes  erythrocephalxis)^  curve-billed  thrasher  (Toxostoma  curvirostre),  hairy  ^'^^ 
pecker  (Dryobates  villosus  var.),  western  mocking  bird  {Mimus  polygloUos  lit^': 
terns),  western  robin  (Planesticus  migratorius  propinquus),  the  field  plover  (Bartrs^^ 
longicaxida),  the  mallard  {Anm  plalyrhynchos),  and  the  baldpate  {Mar^oa,  ammces^ 


Digitized  by 


Google 


FAI^B  WntBWOWlS  OF  PACIFIO  N0BTHWE8T.  85 

Dr.  Blaisdell  *  refers  to  the  ground  owl  (Speotyto  cumciilaria 
hypogssa)  as  one  of  their  enemies,  and  further  states  that  the  butcher 
bird  impales  them  pn  thorns. 

It  is  very  generally  known  among  the  farmers  of  the  wheat  regions 
of  the  Pacific  Northwest  that  the  Brewer's  blackbirds  (Euphagua 
cyanocephalua)  follow  the  plow  and  eat  the  ** white  worms"  {Eleodes 
pup»)  ^hen  the  sxmuner-fallow  is  being  worked.  The  birds  are  to 
be  seen  walking  in  the  furrows  and  flying  away  with  their  beaks 
filled  with  the  soft  white  pupse. 

The  western  bluebirds  (JSicUia  mexicana  occidenUdis)  were  seen  at 
Govaii;  Wash.,  in  large  flocks  feeding  on  the  larvce  which  had  been 
driven  to  the  surface  by  an  unusually  heavy  rain. 

The  stomachs  of  several  homed  toads  (Phrynosoma  dauglasii 
douglasii)  were  examined  and  found  to  contain  fr^ments  of  Eleodes 
larv»,  but  several  of  these  toads  kept  in  captivity  refused  to  eat 
the  adult  beetles^  though  they  would  feed  voraciously  on  other 
beetles.  These  little  homed  toads,  or/  as  they  are  locally  known, 
sand  toads,  are  without  doubt  one  of  the  most  valuable  ft-nimula  m 
the  western  dry-farming  r^ons.  In  the  Southwest  a  larger  species 
(Phrynosoma  corrmtiim),  with  long  stout  spines  on  the  head,  sup- 
plants th6  former  species.  These  toads  move  very  rapidly  and  eat 
enormous  numbers  of  insects.  The  garden  toad  (Bufo  sp.)  is  re- 
corded in  the  files  of  the  Bureau  of  Biological  Siuv^ey  as  feeding  on 
Eleodes.  Dr.  Blaisdell^  gives  the  skunk  as  a  natural  enemy  of 
these  beetles. 

In  the  files  of  the  Bureau  of  Entomology  there  is  a  note  (No.  8186) 
by  Mr.  Theo.  Peigande,  wherein  he  records  having  received  two 
larv8B  from  McPherson,  Kans.  These  pupated,  and  later  one  of 
these  pup»  was  killed  by  an  ant  (Tetramorium  csespitum). 

Another  of  Mr.  Pergande's  notes '  records  receiving  an  adult  of 
Eleodes  siUuralis  from  Mr.  C.  E.  Ward,  of  Belvidere,  Nebr.  This 
beetle  was  placed  id  a  cigar  box,  and  on  examining  the  box  on  the 
following  morning  a  large  munber  of  larv»  were  noticed  crawling 
about.  These  larv»  lat^r  spun  cocoons  around  the  edge  of  the  box 
and  were  believed  to  be  microgasterid  parasites  that  had  issued 
from  the  beetle.  The  adult  parasites  were  later  determined  as 
Perilitus  n.  sp.,  and  these  are  preserved  in  the  National  Musemn 
collections. 

The  author  found  an  adult  beetle  with  the  abdomen  nearly  filled 
by  a  nematode  worm,  but  lost  the  specimen,  making  further  deter- 
mination impossible.  Mr.  Myron  Swenk  *  records  a  disease,  prob- 
ably caused  by  bacteria  or  a  fimgus,  that  attacks  the  larvae.     The 

>  Bui.  03,  U.  8.  Nat.  Mus.,  p.  29, 1909. 

»  Loc.  clt.,  p.  29. 

«  Proc.  Ent.  8oc.  Wash.,  vol.  2,  pp.  211,  219, 1S92. 

^  Jour.  Eoon.  Ent.,  vol.  2,  p.  335,  19C9. 
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first  gymptom  of  this  disease  is  a  small  red  spot  on  one  of  the  body 
segments,  usually  on  the  first  thoracic  or  the  terminal  abdOmmal 
segment.  This  spot  enlarges,  finally  encircling  the  body,  and  within 
a  yery  short  time  the  insect  succumbs.  This  disease  was  so  preva- 
lant  as  to  interfere  with  much  of  Mr.  Swenk's  experimental  work. 

TJinntmATi  and  F&BVB«rnvx  xbasxtbbs. 

If  a  field  is  well  stocked  with  false  wireworms  at  the  time  wheat 
is  sown,  remedial  measures  are  of  little  avail,  as  was  demonstrated 
by  our  experiments  carried  out  in  the  Big  Behd  country  of  Wash- 
ington. The  insects  are  well  adapted  to  the  present  agricultural 
practices  of  the  spring-wheat  growers  in  the  Pacific  Northwest. 
Here  the  plowing^of  summer-fallow  land  is  commenced  as  early  as 
possible  in  the  spring,  whicb  in  the  average  season  is  in  April.  Those 
who  <!an  spare  teams  and  men  often  commence  while  the  seeding  of 
the  crop  in  other  fields  is  in  progress.  The  most  progressive  fanners 
then  disk  their  f aUow  land  in  June  so  that  this  will  be  well  finished 
when  haying  commences. 

By  slightly  modifying  this  procedure  an  enormous  nimiber  of 
these  beetles  would  be  destroyed.  Instead  of  plowing  eariy  in 
the  spring  and  disking  in  summer,  reverse  the  process.  Disk  as 
early  as  the  land  can  be  worked  and  the  apparatus  is  available, 
which  will  usually  be  in  April.  This  will  conserve  the  moisture  fully 
as  well  as  plowing.  Then  plow  as  late  as  possible ;  if  the  land  has  been 
well  disked  and  the  men  and  horses  can  be  spared,  it  is  well  to  defer 
this  plowing  to  late  July  and  early  August.  At  this  time  the  beetles 
are  in  the  pupal,  or,  as  they  are  commonly  called,  *'white-wonn/' 
stage.  They  can  not  move  through  the  groimd  as  can  the  active 
larvfiB,  but  can  merely  squirm  when  irritated.  The  plowing,  winch 
should  be  deep  to  be  effective,  turns  out  great  numbers  of  these 
pupae,  and  they  are  either  eaten  by  birds  or  killed  by  the  burning 
sun.  Many  more  are  destroyed  by  being  crushed  or  suffocated  in 
the  broken  pupal  cells.  Aside  from  killing  many  Eleodes  pup«, 
this  practice  of  late  plowing  the  summer-fallow  would  greatly  aid  in 
weed  eradication.  The  early  disking  would  not  biuy  the  weed  seed 
to  retard  germination;  all  the  seed  would  develop;  then  the  late  plow- 
ing would  destroy  the  entire  crop  of  weeds.  If  the  weeds  start  very 
eariy,  a  second  disking  may  be  necessary,  as  weeds  very  rapidly 
deprive  the  soil  of  its  moisture. 

Concerted  effort  and  very  thorough  work  are  absolutely  essential  to 
render  this  treatment  appreciably  effectual.  The  cooperation  of  all 
the  farmers  over  a  considerable  area  is  advised,  as  the  adult  beetles 
walk  rapidly  and  will  readily  reinf  est  a  wdl-treated  ranch,  coming  in 
from  an  adjoining,  poorly  wgrked  field  .or  pasture. 
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This  treatment  is  by  no  means  advocated  for  those  fanners  who 
find  it  impossible  to  disk  their  sunmier-fallow,  as  leaving  the  land 
untouched  until  July  would  cause  all  the  accumulated  winter's 
moisture  to  evaporate,  and  the  plowing  would  simply  be  stirring  the 
dust  and  be  of  no  value  whatever. 

In  the  spring  of  1910  a  series  of  experiments  was  carried  out  at 
Wilbur,  Wash.,  to  determine  the  value  of  certain  substances  alleged 
to  be  useful  as  poisons  or  repellents  against  elaterid  larvsd.  Eleodes 
larvsB  were  also  quite  numerous  in  the  fields  where  these  experiments 
were  carried  out;  hence  mention  of  the  results,  though  relating  prin- 
cipally to  another  insect,  may  not  be  out  of  place  here. 

Seed  in  bulk  was  treated  with  the  following  substances:  Lead  arse- 
nate, at  the  rate  of  two-thirds  of  a  pound  per  bushel  of  seed,  dissolved 
in  water;  strychnine  sulphate,  at  the  rate  of  two-thirds  of  an  ounce 
per  bushel  of  seed,  dissolved  in  water;  coal  tar  applied  imtil  seed 
was  all  coated,  then  sanded  until  dry.  The  substances  were  stirred 
into  the  grain  thoroughly  with  a  wooden  paddle  and  then  allowed  to 
dry  several  days. 

The  experiments  were  sown  in  strips  with  a  wheat  seeder  11 
feet  wide  and  one-half  of  a  mile  long.  Untreated  check  strips  were 
planted  between  each  treated  plat. 

Just  after  sprouting  the  percentage  of  damage  done  by  insects 
was  estimated  by  coimting  the  damaged  and  undamaged  seed  in 
several  areas  of  1  square  yard  each  in  each  plat.  T^e  results  were 
entirely  negative  as  all  the  plats,  including  the  checks,  were  about 
equally  attacked. 

These  treatments,  even  had  they  been  found  efficient,  would  have 
been  impracticable  from  an  economic  standpoint.  The  poisons  were 
too  expensive  and  the  application  too  expensive  and  laborious,  and, 
in  addition,  the  coal-tar  treatment,  even  after  drying  several  days, 
so  clogged  the  seed  cups  on  the  seeder  as  to  cause  very  uneven  dis- 
tribution of  seed. 
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THE  LEGXnO!  POD  MOTH. 

(Etiella  zinckenella  scMsticolor  Zell.) 

By  James  A.  Hyslop, 
Agent  and  Expert  y  Cereal  and  Forage  Insect  Investigations. 

HISTOBIOAL. 

The  first  mention  of  tlie  legume  pod  moth  {EtieUa  zinckenella 
scMsticolor  Zell.)  as  of  economic  importance  in  the  United  States  is 
found  in  the  unpublished  notes  of  Mr.  Theodore  Pergande  *  in  the 
•filed  of  the  Bureau  of  Entomology,  and  refers  to  a  number  of  lima- 
bean  pods  sent  in  by  Mr.  Albert  Koebele  from  Eldorado  County, 
Cal.,  on  July  21,  1885.  The  larvse  were  reported  as  doing  consider- 
able damage  to  the  bean  crop  in  that  region.  They  left  the  pods  and, 
if  not  full  grown,  entered  other  pods  to  continue  feeding  or,  if  full 
grown,  constructed  slight  cocoons  in  the  bottom  of  the  rearing  jar 
and  pupated.    Adults  emerged  September  2  and  September  15. 

A  similar  reference,'  from  the  same  source,  refers  to  a  number  of 
pods  of  Crotolaria  incana,  collected  by  Mr.  E.  A.  Schwarz  at  Cocoahut 
Grove,  Fla.,  on  May  9,  1887,  and  sent  to  the  Bureau  of  Entomology. 
The  larv»  were  eating  the  seed,  and  from  these  on  May  16  an  adult 
emerged.  From  a  second  lot  of  seed  pods  from  the  same  source 
received  on  June  1,  three  more  moths  emerged  on  the  24th. 

On  May  2, 1896,  a  number  of  pods  of  Aatrdgalua  sp.  were  received 
by  the  bureau  from  Mr.  C.  L.  Marlatt,*  the  material  having  been 
collected  at  Neucestown,  Tex.,  infested  with  larv»  of  EtieUa  zin^cken- 
eUa.  On  May  13  a  braconid  parasite  issued,  and  on  June  5  an  adult 
moth  emerged. 

A  single  specimen  was  received  from  Mr.  E.  E.  Bogue,*  of  Still- 
water, Okla.,  on  August  17,  1896,  which  he  had  previously  reared 
from  the  seed  pod  of  Crotolaria  sagittalis. 

Dr.  F.  H.  Chittenden,*  of  this  bureau,  has  published  a  paper  on 
this  insect  in  which  the  records  made  by  Mr.  H.  O.  Marsh  are  incor- 

1  Bureau  of  Entomology  Notes,  No.  3819. 
>  Bureau  of  Entomology  Notes,  No.  4129. 
<  Bureau  of  Entomology  Notes,  No.  7044. 
«  Bureau  of  Entomology  Notes,  No.  7173. 
»  Bui.  82,  Pt.  Ill,  Bur.  Ent.,  U.  8.  Dept.  Agr.,  p.  25, 19Q9. 
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porated.  Mr.  Marsh  found  the  larvae  attacking  lima  beans  at  Santa 
Ana,  Garden  Orove,  Anaheim,  and  Watts,  in  California.  At  Garden 
Grove  they  had  destroyed  40  per  cent  of  the  crop. 

8THONY1CT  AND  DlffTBIBTnTOH. 

The  species  EtieOa  einckeneBa  was  described  by  Treitschke  ^  in 
1H32,  and  the  variety  E,  zinckeneUa  schisticolor  was  described  as 
E.  schisticolor  in  1881  by  P.  C.  Zeller*  from  two  specimens,  a  male 
and  a  female,  collected  from  **very  different  parts  of  North  America.' 
Tlie  male  was  from  California  and  was  collected  October  8,  but  of 
the  female  be  has  nothing  to  say.  He  also  refers  to  specimens  of 
E.  zinckendla  examined  by  him  from  Sierra  Leone,  West  Africa; 
Madagascar;  Honda,  Colombia,  South  America;  and  '^Carolina"  in 
this  country.  Later  Rev.  G.  D.  Hulst*  redescribed  this  specie 
under  the  name  EtieUa  viUosay  And  gave  Colorado  and  Califorina  as 
the  habitat.  Dr.  H.  G.  Dyar  m  his  catalogue  giv«s  Ariaoaa  as  an 
addition  to  the  halntat. 

The  typical  £*.  zinckendla  is  represented  in  the  N«tioiud  Moseoni 
collection  by  specimens  from  Hampton,  N.  H.;  Weekapong,  R.  I.; 
Key  West  and  Archer,  Fta.;  Oxbow,  Saskatdiewan;  Texas;  Stffl- 
water,  Okla.;  and  Denver,  Colo.  The  variety  E.  zinckemSa  sdtia^ 
color  is  represented  by  specimens  from  Stockton,  Utah;  SprngfieM, 
Idaho;  Eldorado,  Clairmont,  Alameda,  and  San  Difigo,  Cal.;  N(^ales, 
Ariz. ;  and  PuUman,  Wa^.  It  will  be  noted  that  all  the  spectmess 
of  the  variety  were  coDected  west  of  or  in  the  Rocky  Mountains. 

EtieUa  zinckeneUa  schis/ticclor  differs  veiy  slightly  from  the  typical 
form.  It  has  a  suffusion  of  gray  scales  on  the  primaries  as  its  rfiief 
distinctive  character.  A  number  of  specimens  from  Florida,  one 
specimen  from  Rhode  Island,  and  one  from  New  Hampshire  very 
closely  resemble  the  European  specimens  of  E.  zinckendla. 

A  possible  explanation  of  the  above  facts  may  be  that  the  variety 

schiMicolor  is  a  native  of  the  Pacific  slope  of  this  conttnent,  while  the 

forms  found  in  the  eastern  United  States  are  the  typical  E.  zincken- 

(Ua  recently  introduced  into  this  country  from  the  Old  World  or  Sooth 

America. 

POOD  PLANTS. 

Larvae  of  EtieUa  zinckeneUa  have  been  recorded  as  feeding  on  the 
seed  of  several  species  of  leguminous  plants.  In  California  (Eldorado 
County)  Mr.  A.  Koebele  *  found  them  doing  considerable  damage 
to  lima  beans  and  they  were  recently  found  by  Mr.  H.  O.  Marsh,* 
of  this  bureau,  working  on  the  same  crop  in  that  State.     Mr.  E.  E. 

«  Die  Schmett^iiinge  von  Europa,  von  Friedrich  Trdtachke,  9  Band,  p.  201, 1832. 

s  Horae  Societatla  Entoroologicffi  Roasicse,  vol.  16,  p.  177, 1881. 

»  Ent.  Amer.,  vol.  3,  p.  133,  1887. 

«  Bureau  of  Entomology  Notes,  No.  48  K. 

•  Bui.  82,  Pt.  m.  Bur.  Ent.,  U.  8.  Dept.  Agr.,  p.  25, 1909. 
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Bogue  *  found  the  larvce  in  the  seed  pods  of  tlie  common  rattiebox 

(Orotolaria  sagittalis)  at  Stillwater,  Okla.,  and  Mr.  E.  A.  Schwarz' 

found  them  in  the  pods  of  a  tropical  species  of 

this  genus  (Crotolaria  incana)  at  Cocoanut  Grove, 

Fla.     Mr.    C.    L.    Marlatt^   records   finding   the 

larvae  in  the  seed  pods  of  milk  vetch  {Astragahis 

sp. ) .     They  are  also  recorded  by  Herrich-Schaffer  * 

as  feeding  in  the  seed  pods  of  Spartium  junceum 

near  Vienna,  Austria. 

During  1910  and  1911  the   autlK>r  reared  the 
species  from  the  pods  of  common  lupines  {Lupinue  spp.)  and  Canada 
field  peas  at  Pullman,  Wash. 

DESOBIPTION. 

THE   EGG. 

(Fig.  28.) 

Egg  glistening  white,  bhintly  elliptical  in  outline  and  circular  in  cross  section, 


FiQ.  28.— The  legume  pod 
moth  {EtUlU  zmdtenella 
schUticolor):  Egg,  Gnat- 
ly  enlarged.    (Original.) 


measuring  0.58  mm.  in  length  and  0.31  mm.  in  diameter, 
colorless,  and  with  fine  irregular  corrugations  on  the  surface. 


Chorion  very-  delicate, 


Fio.  29.— The  legume  pod  moth.    lAir\-a:  o.  Side  view;  h,  lateral  aspect  of  ii«ad;  c,  caudal  segments; 
d,  pronotal  shield,    c,  Enlarged;  6,  c,  d,  greatly  enlarged.    (Original.^ 

THE   LARVA. 

(Fig.  29.) 

Full-grown  larva  fn)m  12  to  17  mm.  in  length  and  from  2.5  to  3.5  mm.  in  diameter. 
Head  yellow,  black  patch  over  ooellar  area;  mandibles  and  tip  of'labnim  black; 
five  ocelli  arrange<l  in  an  anteriorly  directed  semicircle  at  base  of  antennae.     Dor- 

»  Bureau  of  Entomology  Notes,  No.  7173. 
«  Bureau  of  Entomology  Notes,  No.  4129. 
»  Burpau  of  Entomology  Notes,  No.  7044. 
<  Syst.  Bearb.  der  Schmett.  von  Enropa,  vol.  4,  p.  72, 1840. 
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sum  ruddy  pink,  except  the  pronotum  i  immature  larvce  are  evenly  pale  green  or 
creaQ)  cx>lored,  with  head  and  prunotal  ohield  black  or  hrown),  the  pleural  and  ven- 
tral f(urfa(*efl  pale  green  or  cream  white.  Head  pale  yellow.  Tips  of  thoracic  leg? 
and  hea<l  hrowninh  yellow.  Five  pairs  of  prolegs  situated  on  segments  3,  4.  5,  6, 
an<i  9;  the  lant  pair  can  l)e  retracted,  so  as  to  l)e  almost  invisible.  Pronotum  yel- 
lowish, with  brown  or  black  markings  as  follows :  Two  medial  pains  of  dot  patches*. 

the  posterior  pair  nearly  touching  the  posterior  niai^ 
and  somewhat  oblong  in  outline,  the  anterior  pjii 
approaching  the  anterior  margin  and  linear  in  out- 
line, l)eing  for  the  moot  part  made  up  of  a  single  p)t 
of  dots;  both  pairs  converging  anteriorly,  the  anterior 
rows  forming  a  V.  Posterior  margin  bearing  four 
bristles.  Two  pain  of  bristles  flanking  the  anteri^ir 
median  pat<'hes  of  <iots,  the  posterior  bristle  in  each 
pair  short. 

THE    PITA. 

(Fig.  30.) 

Pupa  from  6  to  10  mm.  in  length,  amber-yellow, 
with  the  tip  of  the  abdomen,  the  edges  of  the  al>doin- 
Fio.  30.-The  lepimo  pod  moth:  Pupa.  |^i  segment^,  and  margins  of  the  wings  ouUined  in 
On»Uy  enlarged.    (Original.)  ,  t:,      _lu   ac.x.     ^    •    *u    vj        •      i 

brown.     Fourth,  nfth,  and  sixth  abdominal  segment- 

ea<'h  l)earing  a  pair  of  short  spines  on  the  ventral  surface.  Alxlominal  segments  2  to  9 
l)earing  well-define<l  brown  spiracles.  Terminal  abdominal  segment  pro\'ided  with 
a  transverse  row  of  6  hooked  bristles  and  a  pair  of  lip-sliaped  tulwrcles  on  it«  dorsal 
surface. 

THE   ADUI.T. 

(Fig.  31.) 

*'  The  adult  expands  24-27  mm.  Labial  palpi  russet-gray  above,  gray  l>elow.  Max- 
illary palpi  yellowish.  >>rown  on  end.  Head,  collar  and  fore- thorax  orange  fuscou*. 
Thorax  behind  fuscous  gray.  Abdomen  fuscous;  fore  ^-ings  mouse  color,  conn.'Sting  d 
bluish  gray,  overlaid  partly  with 
fuscous.  A  broad  white  stripe 
extending  from  base  along  co«ta 
to  apex.  Extreme  edge  of  costa 
of  ground  color  broatlening  out- 
wardly just  beyond  middle  and 
fading  away  toward  apex.  A 
dull  yelloiR-if^h  basal  stripe  reach- 
ing from  white  costal  stripe  to  in- 
ner margin,  e<lged  inwardly  ¥rith 
a  row  of  manH)n-bn)wn  scales,  the 
scales  >)eing  longer  than  usual. 
Hind  wings  fuscous,  deepening 
outwardly,  with  dark  marginal 
line.  Beneath  even  glistening,  \:er\'  light  fuscous.*' 
vol.  17,  p.  170,  1890.)       ' 


Fig. 


31.— The  legume  pod  moth:  Adult, 
diameters.    ( Original. ) 


Enlarged  about  21 


(Hulst,  Trans.  Amer,  Ent.  i«5oc-, 


SEASONAL  HISTORY. 


On  July  26,  1911,  an  eg^hell  was  found  on  the  outer  surface  of  the 
calyx  of  a  well-filled  though  still  green  lupine  seed  pod.  The  larva, 
which  had  evidently  emerged  only  a  few  minutes  before  it  was  dis- 
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covered,  measured  1.2  mm.  in  length  and  was  foimd  just  inside  the 
pod  at  the  terminus  of  a  burrow  which  led  from  just  in  front  of  the 
egg  through  the  calyx  and  pod  waU.  The  hole  through  which  the 
larva  emerged  from  the  eggshell  was  terminal,  roimd,  and  very  neatly 
cut.  A  few  days  later  two  eggs  were  found  on  the  calcyces  of  field 
peas;  these  were  brought  into  the  insectary  but  failed  to  hatch. 

Diuing  late  Jxdy  and  early  August,  1911,  larvae  in  all  stages  of 
development,  from  very  small  specimens,  evidently  just  hatched,  to 
those  which  were  mature  and  spinning  cocoons,  were  found  in  both 
the  pods  of  field  peas  and  lupines.  The  larvse  on  first  emerging  are 
pale  green  or  cream  colored,  the  pronotal  plate  and  head  being 
entirely  black  or  brown;  with  the  first  molt  the  pronotal  plate  assumes 
the  characteristic  pattern  described  elsewhere  in  this  paper,  but  the 
body  does  not  assume  the  rosy  tint  as  described  until  nearly  mature. 

The  larvse  feed  for  about  three  weeks,  only  partly  consuming  the 
peas,  as  is  seen  in  figure  32,  destroying  them  as  seed,  besides  greatly 
reducing  their  weight  as  stock  feed.     The  pod  always  contains  a  mass 
of  frass  held   to- 
gether by  a  loosely 
constructed    web. 
The   larva   will 

leave  one  pod  and      ^-t^-^JjA.IBII^^"""""^  ?<iM 

enter    another    if       ^'^■^^'^^f^ss^-^  34\.)V. 

the  food  supply  is     Fio.  32.— The  legume  pod  moth:  Larva  feedhig  in  a  pod  of  field  pea.    En 

exhausted,    or    if  *^^-  ^^^^^-^ 

for  any  other  reason  the  pod  becomes  uninhabitable.  When  mature, 
if  the  peas  are  still  unharvested  in  the  field,  it  emerges  from  the  pods 
and  enters  the  ground  to  pupate,  or  if  the  pods  have  been  harvested 
it  spins  a  tough  silken  cocoon  in  the  nearest  available  sheltered  place. 

Larv»  that  become  mature  during  the  warm  weather  of  early 
August,  out  of  doors,  or  later  xmder  laboratory  conditions,  pupate 
immediately  and  emerge  as  adults  in  about  six  weeks.  Adults  have 
b^en  obtained  in  our  laboratory  on  August  5  and  as  late  as  August  28. 
Whether  these  lay  eggs  which  pass  the  winter  successfidly,  or  whether 
they  hibernate  as  adults,  is  still  imdetermined.  Larvae  that  reach 
maturity  in  late  September,  when  the  nights  are  cold,  spin  their 
cocoons  and  hibernate  therein  as  larvae,  pupating  in  the  spring  and 
emerging  at  the  time  the  earliest  lupines  are  setting  seed. 

On  the  lupines  there  are  very  probably  two  generations  a  year. 
The  moths  of  the  first  generation,  coming  from  hibernating  larvae, 
lay  aU  their  eggs  on  the  lupines,  as  the  field  peas  are  just  commencing 
to  grow.  The  oflfspring  of  this  generation  mature  late  in  July  and, 
finding  the  field  peas  ripening,  very  naturally  turn  their  attention 
to  these  large  areas  of  suitable  food  as  well  as  to  their  natural  food, 
the  later  lupines. 

29993°— Bull.  95,  pt.  &— 12 2 
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Mr.  C.  L.  Maria tt  *  reared  adults  on  June  5,  1896,  from  larvae  that 
were  collected  May  2  of  that  year  at  Nueces  town,  Tex.  Mr.  Albert 
Koebele '  reared  adults  on  September  2  and  15,  1885,  from  larv» 
collected  June  21  at  Rattlesnake  Bridge,  Eldorado  County,  Cal. 
Mr.  Koebele  also  noticed  the  entrance  boles  of  young  larv»  and  the 
exit  holes  of  older  larvae  in  the  pod  husks.  He  says,  *'The 
larva?  ♦  ♦  ♦  spun  a  web  on  the  bottom  of  the  jar  in  which  ther 
pupated.'' 

Mr.  Theodore  Pergande '  received  a  iiumber  of  larvae  from  Mr. 
E.  A.  Schwarz  collected  at  Cocoanut  Grove,  Fla.,  on  May  9,  1887,  and 
on  May  26  reared  an  adult  from  this  material.  More  material  from 
the  same  source  was  received  on  June  1,  and  on  the  24th  three  more 
adults  emerged. 

Mr.  11.  ().  Marsh  obtained  adults  from  January  9  to  February  25, 
1909,  from  larvae  collected  October  22,  1908,  at  Anaheim,  Cal.* 

These  observations  indicate  that  two  generations  a  year  is  char- 
acteristic of  this  species,  the  adults  of  the  first  ap)>earing  in  eari\ 
June  and  those  of  the  second  in  September.  The  adults  obtained  in 
January  and  Februarj^  were  reared  under  laboratory  conditions,  which 
very  probably  accelerated  their  development.  In  the  more  southern 
parts  of  its  range  this  species  may  have  mor^  than  two  generations. 

FIELD  WORK. 

July  21,  1909,  while  examining  the  seed  pods  of  the  conunon 
lupine  (Lupinus  sp.)  many  were  found  to  contain  lepidopterous 
larvae.  In  such  pods  the  seeds  were  always  more  or  less  destroyed. 
Tlie  pods  also  contained  a  mass  of  frass  which  was  held  together  by  a 
loosely  constructed  web.  A  few  days  later,  on  examining  the  col- 
lected material,  several  of  the  pods  were  found  with,  newly  eaten 
holes  in  the  sides  and  two  larvae  were  found  with  half  their  bodies 
within  fresli  pods. 

On  August  7  one  of  the  larva?,  very  plimip,  was  found  still  in  the 
pod,  it  having  in  the  meantime  become  suffused  with  a  rosy  color. 
This  larva  had  constructed  a  loose  silken  cocoon,  through  which  its 
body  could  be  easily  seen.  Ten  days  later  the  larva  pupated  and 
emerged  as  an  adult  (Etiella  zinckenella  schisticohr)  September  28. 

In  tlie  rearing  cages  with  soHd  bases  most  of  the  larvae  left  the  seed 
pods  and  spun  their  cocoons  among  the  litter  and  dirt  in  the  bottom 
of  the  cages.  In  cages  with  bottoms  of  earth  the  larvae  always  bur- 
rowed 2  or  3  inches  below  the  surface  to  pupate. 

On  August  1,  1910,  ilr.  M.  W.  Evans,  of  the  Bureau  of  Plant 
Industry,  told  the  author  of  a  larva  that  he  was  finding  in  the  field-pea 

I  Bureau  of  Entomology  Notes,  No.  7044. 
»  Bureau  of  Entomology  Notes,  No.  48  K. 
•  Bureau  of  Entomology  Notes,  No.  4ri9. 
«  BuL  82,  Pt.  Ill,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  p.  25, 1900. 
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pods  in  his  experimental  plats  at  Pullman,  Wash.  On  examiq^ng . 
some  of  these  larv»  it  was  foimd  that  they  resembled  those  of  EiieHa 
zinckeneUa  schisticohr  that  had  been  found  in  lupine-seed  pods  the 
previous  year,  differing  only  in  being  larger,  measuring  about  17  mm. 
in  length,  while  those  from  lupine  measured  only  13  mm.,  due,  with- 
out doubt,  to  the  difference  in  food  plant. 

The  following  day  a  number  of  the  larvae  were  collected  from  the 
field-pea  pods  and  placed  on  earth  in  a  flowerpot,  into  which  they 
immediately  burrowed. 

From  a  larva  placed  in  a  pill  box  an  adult  emerged  on  August  27  and 
on  tlie  same  day  two  moths  emerged  from  the  earth  in  the  flowerpot. 

.     EXPERIMENTAL  WORK  CARRIED  ON  DURING  THE  SEASON  OF  1910. 

In  the  spring  of  1910  the  Bureau  of  Plant  Industry  planted  over 
100  varieties  of  field"  peas  at  Pullman,  Wash.     These  were  planted 


FiQ.  33.— The  work  of  the  legume  pod  moth  (upper  row)  compared  with  that  of  the  pea 
weevils  (Bruchidse)  (lower  row).    Enlarged.    (Original.) 

in  plats  1  rod  square,  in  order  to  study  development  and  adapta- 
bility of  the  various  varieties  under  semiarid  conditions.  Mr.  M.  W. 
Evans  has  very  kindly  permitted  the  use  of  liis  field  notes,  and  of 
the  crop  when  harvested  from  these  plats,  which  has  greatly  facili- 
tated this  investigation.  These  notes  indicated  the  time  of  planting, 
the  time  the  first  flowers  of  each  variety  came  into  bloom,  the  time 
of  maximum  blooming,  and  the  time  of  last  blossoms.  The  seed 
harvested  from  each  plat  was  kept  in  individual  packages. 

By  actual  count  the  writer  determined  the  percentage  of  damage  to 
each  variety  of  field  peas  by  those  moths.  The  " worms''  do  not 
usually  consume  the  entire  seed,  but  so  far  destroy  it  as  to  render  ger- 
mination impossible.  Seed  thus  damaged  is  easily  distinguished  from 
that  attacked  by  Bruchus.  The  latter  makes  a  very  smooth  round 
exit  hole,  while  the  former  gnaws  into  the  seed  very  irregularly. 
(See  fig.  33.) 
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figure  34  is  a  plan  of  the  experimental  plats  and  shows  very  clearly 
that  the  attacks  of  the  pod  moth  were  not  restricted  to  any  one  part 
of  the  field,  but  were  more  or  less  promiscuously  distributed.  The 
plantings  were  made  on  a  gentle  slope,  the  upper  side  being  to  the 
south,  thus  giving  a  northerly  exposure.  The  vacant  rectangle  in 
the  center  of  the  plan  indicates  a  wheat-straw  stack.  All  sides  of  the 
field  were  bounded  by  grain  fields,  and  the  roadside  was  practically 
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FiQ.  34.— Planting  plan  of  plats  iised  in  investigations  of  the  legume  pod  moth  during  the 

(Original.) 


of  W. 


witliout  weeds  of  any  kind.     The  plats  were  separated  from   each 
other  by  strips  of  oats  1  yard  in  width. 

Field  peas  vary  greatly  in  texture  of  the  seed,  time  of  blooming, 
time  of  maturing  seed,  and  adaptability  to  semiarid  conditions.  The 
variability,  however,  is  confined  to  the  varieties  to  a  large  extent, 
the  individuals  of  a  variety  being  quite  uniform  in  response  to  given 
conditions.  This  fact  .at  once  opened  the  question  of  a  worm- 
resistant  variety.  The  results  arrived  at  by  this  investigation  an* 
very  suggestive.  The  actual  records  made  in  the  investigation  are  to 
be  found  in  Table  i;  but  to  make  the  results  more  readily  available  the 
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variations  in  percentage  of  damage  under  several  variables  are  graph- 
ically illustrated  by  diagrams. 

Table  I. — Record  of  experimental  work  on  the  legume  pod  moth  for  the  season  of  1910. 


Plat  No. 


51 

97 

102.... 

26 

20 

43 

46 

31 

59 

2 

100.... 

^  1iL'U\ 

8 

16 

101 ... . 

4 

63 

149.... 

5 

150.... 

72 

19 

32 

73 

70 

42 

48 

13 

41 

7 

55 

10 

103.... 

44 

17 

64 

148.... 

49 

104.... 

61 

35 

14 

98 

76 

25 

80 

56 

87...... 

60 

90 

69 

58 

160.... 

37 

12 

n ..,. . 

82 

15 

40 

159.-.. 

36 

38 

88 

99 

liT.. 


B.  P.  I. 
No. 


21289 

24177 

21288 

11097 

11112 

22639 

24895 

24179 

22077 

23331 

22007 

20466 

22036 

21709 

21606 

23290A 

22638 

23525 

22640 

23290H 

17006 

1H455 

24178 

24940 

20467 

24262 

19389 

22040 

17486 

22045 

12888A 

19786 

20382A 

19290 

21290 

16439 

23547 

17483 

19788A 

16437 

22043 

22038 

23850 

18456 

16130 

10274A 

12887 

23851 

17483A 

20381 

23847 

22078 

16436 

22044 

'22041 

19787 

19709 

22037 

19785 

16437A 

22046 

22042 

22049 

23848 

16819 

17483E 


Began 
bloom- 
ing. 

Full 
bloom. 

Bloom- 
ing 
ended. 

Total 
number 
of  seed. 

Number 

of seed 

damaged. 

Percent 
damaged. 

June  14 

June  17 

/."^o..*. 

21,802 

0 

0.0 

June  16 

June  21 

14,098 

11 

.0 

June  17 

June  23 

July     9 

19,920 

0 

.0 

...do.... 

June  21 

July  12 

7,506 

0 

.0 

...do 

June  23 

...db 

24,722 

15 

.0 

June  19 

June  24 

...do 

9,010 

0 

.0 

...do 

June  26 

...do 

13,828 

10 

.0 

...do 

June  26 

...do 

19,508 

8 

.0 

June  14 

June  21 

July  14 

14,517 

0 

.0 

June  21' 

June  26 

July  16 

6,662 

2 

.0 

June  16 

July  17 

15,484 

4 

.0 

June  28 

July     1 

...do 

22,117 

4 

.0 

June  23 

...do 

July  24 

15,539 

14 

.0 

June  26 

,..do 

...do 

24,581 

11 

.0 

June  K) 

June  16 

July     3 

26,431 

36 

June  26 

July     1 

July     7 

11,781 

21 

June  10 

June  17 

July  12 

30,276 

36 

June  19 

June  26 

...do 

10,500 

20 

June  26 

July     1 

July  26 

13,625 

25 

July     1 

July    6 

19,413 

33 

...do 

Aug.    3 

23,707 

37 

June  24 

July     1 

July   14 

11,310 

30 

.2 

June  21 

July  22 

12,694 

31 

.2 

...do 

June  26 

...db 

13,063 

28 

.2 

June  26 

June  30 

...do 

18,495 

45 

.2 

June  16 

June  23 

July   17 

9,792 

33 

.3 

June  23 

June  28 

July  24 

22,960 

80 

.3 

July     1 

July    9 

Aug.    3 

19,039 

65 

.3 

June  26 

July     8 

July  24 

13,252 

66 

.4 

...do 

July     6 

July  26 

14,522 

72 

.4 

June  30 

...do 

10,477 
11,939 

43 
59 

.4 

...do 

July     3 

July  26 

.4 

...do 

July     6 

July  29 

20,335 

85 

.4 

June  19 

June  24 

July     6 

3,346 

21 

.6 

June  21 

June  30 

July  17 

22,372 

136 

.6 

June  23 

...db 

24,937 

169 

•    .6 

June  26 

June  30 
July     6 

14,585 
33,529 

95 
229 

.6 

June  30 

July  26 

.6 

...do 

...do 

16,509 

107 

.6 

June  26 

...do 

July  29 

9,350 

63 

.6 

...do 

...do 

July  26 

20,588 

145 

.7 

July    3 

...do 

...db 

20,255 

145 

.7 

June  19 

June  26 

July  17 

13,971 

138 

.9 

June  23 

...do 

13,639 

131 

.9 

...do 

July     1 

Aug.  '3 

2,279 

21 

.9 

July    9 

July  17 

Aug.  14 

10,290 

122 

1.1 

June  26 

June  30 

July  22 

9,848 

119 

1.2 

...do 

...do 

July  24 

21,895 

292 

1.3 

June  28 

July     6 

Aug.    3 

9,400 

127 

1.3 

July  17 

July  24 

Aug.  13 

8.887 

118 

1.3 

June  28 

July     6 

Aug.    3 

19,007 

302 

1.5 

June  23 

July  24 

8,444 

164 

1.9 

June  24 

June  30 

July  22 

18,724 

382 

2 

July     1 

July     9 

Aug.    3 

18,555 

411 

2.2 

July     8 

July  12 

July  26 

12,053 

278 

2.3 

July    2 

July     9 

14,699 

389 

2.6 

July     3 

July  14 

Aug.    9 

14,713 

387 

2.6 

...do 

July     9 

July  26 

22,148 

683 

3 

June  26 

July     6 

...do 

10,447 

346 

3.3 

June  28 

...db 

...do 

7,105 

244 

3.4 

July     1 

...do 

...do 

11,191 

391 

3.4 

July    3 

July    0 

...do 

13,822 

502 

3.6 

...do 

...do 

July  29 

23,573 

893 

3.7 

June  26 

July     8 

Aug.    3 

15,066 

663 

3.7 

July    8 

July    9 

...do.... 

6,581 

281 

4.2 

July    9 

July  14 

July  29 

10,732 

821 

7.6 

The  diagram,  figure  35,  shows  the  maximum  (solid  line)  and  mini- 
mum (dotted  line)  percentage  of  seed  damaged  in  all  varieties  which 
commenced  blooming  at  any  given  time.     It  shows  that  varieties 
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which  began  blooming  during  and  after  the  last  week  in  Juno  were 
decidedly  the  most  severely  attacked. 

Figure  36  shows  similar  data  on  all  varieties  in  full  bloom  at  any 
given  time,  besides  very  clearly  showing  that  such  varieties  as  were 
in  full  bloom  between  the  first  and  last  weeks  of  July  were  the  most 
severely  attacked. 
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Fkj.  .'i.').— Diapram  showing  maximum  and  minimum  damage  done  by  the  legume  pod  moth  to  varieties 
of  peas  commencing  to  bloom  on  a  given  date  in  1910.    (Original.) 

Figure  37  sliows  similar  data  on  all  varieties  wliich  ceased  bloom- 
ino:  on  any  given  date,  and  indicates  that  such  varieties  as  h«ul 
ct^ased  blooming  before  the  middle  of  July  were  only  slightly  damaged. 

As  the  time  the  plants  are  in  full  bloom  is  very  evidently  of  the 
greatest  significance,  Table  II  and  figure  38  were  arranged  to  show 
the  mean  percentage  of  damage  done  to  all  varieties  in  full  bloom 
at  any  given  time,  which  indicates  very  conclusively  that  varieties 
which  were  in  full  bloom  from  the  1st  to  the  middle  of  July  are  by 
far  the  worst  damaged  by  the  legume  pod  moth. 


Digitized  by 


Google 


THE   LEGUME   POD   MOTH. 


99 


Table  IT. — Mean  percentage  of  damage  done  by  the  legume  pod  moth  to  all  plats  in  full 
bloom  on  a  given  date  in  the  season  of  1910. 


Date  of  full  bloom. 


Jane  16. 
June  17 
June  21. 
June  23, 
June 24 
June  25. 
June  26. 
June  2** 
June  30 


Mean 

percent 

Number 

of  seed 

of  plats. 

damaged. 

0.1 

1 

.1 

2 

.0 

3 

.1 

3 

.3 

2 

.0 

1 

.4 

6 

.3 

1 

1.0 

6 

Date  of  full  bloom. 


Mean 
percent 

of  seed 
damaged. 


Julyl. 
July  3. 
July  6. 
July  9. 
July  12 
July  14 
July  17 
July  24 


0.2 
2.1 
LI 
2.5 
2.3 
5.1 
1.1 
1.3 


Number 
of  plats. 


2 
15 
8 

1 
2 
1 

1 


% 


iiiiMiriiiiiffffT 


C.0 


muH: 


-f.tf 


:    [     [ 
m  I    I 
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Pia.  36.— Diagram  showing  maximum  and  minimum  damage  done  by  the  legume  pod  moth  to  varieties 
of  peas  in  full  bloom  on  a  given  date  in  1910.    (Original.) 

EXPERIMENTAL  WORK  CARRIED  OX  DURING  THE  SEASON  OF  I9II. 

Sixty-seven  varieties  of  field  peas  were  planted  in  1911  on  the 
farm  of  the  State  College  at  Pullman,  Wash.  The  field  selected  was 
in  a  draw,  or  ravine,  bordered  on  three  sides  by  grain  fields  and  on 
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the  fourth  side  by  a  clean  cultivated  orchard.  The  plats  were  1 
square  rod  in  area,  as  tliey  were  the  year  before,  and  separated  from 
each  other  by  strips  of  oats  1  yard  wide.  Two  plats  of  each  variety 
were  planted  side  by  side.  (See  fig.  39.)  Plate  X  shows  a  part  of  the 
experimental  plats  used  this  season.  The  moths  were  not  quite  so 
destructive  this  season  as  last,  2.5  per  cent  being  the  greatest  dama^ 
done  to  any  variety  tliis  year,  wliile  in  1910  as  liigh  as  7.6  per  cent 
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Fig.  37.— Diagram  showing  maximum  and  minimum  damage  done  by  the  legume  pod  moth  to  vaiifties 
of  peas  which  ceased  to  bloom  on  a  given  date  in  1910.    (Original.) 

of  one  variety  was  destroyed.     However,  tlie  results  obtained  are  as 
conclusive  as  those  recorded  last  year. 

Table  III  gives  the  data  of  this  season's  work  and  is  self-explan- 
atory. Table  IV  is  arranged  to  show  the  mean  percentage  of  damage 
done  to  all  plats  wliich  came  into  fuU  bloom  on  any  one  date.  Figure 
40  graphically  illustrates  these  results  and  very  clearly  shows  that 
varieties  whicli  were  in  full  bloom  prior  to  June  28  were  practically 
unmolested. 
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Fig.  38.— Diagram  showing  mean  percentage  of  damage  done  by  the  legume  pod  moth  to  varieties  of  peas 
,  in  full  bloom  on  a  given  date  in  1910.    (Original.) 
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Tablb  III.  -Record  offxperimmlal  uwrk  en  the  Uffunu  pod  moth  for  tht  teoMon  of  1911, 
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Table  IV. —  }ican  percentage  of  damage  dene  by  the  legume  pod  m^ih  to  all  plats  in  full 
bloom  on  a  given  date  in  the  season  of  J911. 
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15 
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X# 


Fio.  40.— Diagram  showing  mean  percentage  of  damage  done  by  the  legimie  pod  moth  to  varieties  of  peas 
in  full  bloom  on  a  given  date  in  1911.    (Original.) 

ARTIFICIAL  DISSEMINATION. 

On  examining  sacks  of  seed  peas,  September  14,  1911,  a  larva  was 
found  enclosed  in  a  very  tough  silken  cocoon.  On  October  24 
another  larva  was  found  in  a  second  sack.  Mr.  Evans  also  found  a 
hibernating  larva  in  a  seed  sack  and  kept  it  alive  on  his  desk  during 
the  greater  part  of  the  winter.  It  seems  as  if  this  insect  could  very 
easily  be  introduced  into  regions  where  it  does  not  at  present  occur, 
by  being  shipped  with  the  seed  field  peas. 
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PARASITKS. 

Two  liymonopterous  parasites  were  reared  from  the  larvsp  of 
Ktiettn  zinckeneUa  schwticolor  duriu|;  the  mvestigatioiis  at  Pullniau, 
Wash.»  viz,  Pseudapanteles  etieUse  Vier.  and  Microhracon  hyshpi  Vier. 

Dr.  F.  H.  Chittenden  *  records  having  reared  Brawn  sp.  (deter- 
mined by  Viereek)  from  EtieUa  schisticohr  on  Octol>er  19,  1908,  at 
Santa  Ana,  Cal.,  and  Mr.  C.  L.  Marlatt'  records  rearing  a  bracoiiid 
from  the  larva  of  this  moth  at  Nuecestown,  Tex.,  on  May  13,  18%. 

REBCEDIAL  AJTD  PREVENTIVE  MEASURES. 

The  legume  pod  moth  is  readily  controlled  by  preventive  measure, 
and  f(*r  this  reason  there  have  been  m>  experiments  with  remedies. 
The  transportation  of  the  liibemating  forms  in  sacks  of  seed,  and  the 
consequent  disseniination  of  the  pe^,  may  be  prevented  by  fumiga- 
tion of  the  seed  with  carbon  bisulphid. 

Owing  to  the  presence  of  the  native  lupines,  externiination  of  the 
pest  is  iiti possible,  but  by  planting  such  earh^  varieties  of  field  peas  as 
come  into  full  bloom  before  the  last  week  in  June  it  may  be  practicaUv 
eliminate  as  a  factor  to  be  dealt  with  in  seed  growing  in  the  Pacific 
Northwest.  The  date  of  planting,  however,  will  var\-  in  different 
localities  and  under  different  conditions. 


'  Bill.  H2,  Pt.  in,  Bur.  Ent.,  U.  S.  DepU  Agr.,  p.  2?*,  1909. 
*  Biirpaii  of  Entomology  Notes,  No.  7tH4. 


Digitized  by 


Google 


THE  LEOXTME  POD  MAOOOT. 

(Pegomya  planipalpis  Stein.) 

By  James  A.  Hyslop, 
Agent  and  Expert. 

GBNEBAL  ACCOUNT. 

About  the  middle  of  July,  1909,  a  large  number  of  larv»  of  Pegomya 
planipalpis  Stein  were  found  leaving  the  pods  of  lupines  that  had 
been  placed  in  rearing  cages.  On  the  28th  two  pupae  were  found  in 
one  of  the  cages.  Within  the  next  few  days  many  more  larvse  left 
the  pods  and  pupated.  A  number  of  these  puparia  placed  in  a  glass 
vial  during  the  autunm  of  1910  were  kept  in  the  field  laboratory  all 
winter.  May  11  of  the  following  year  the  first  adult  emerged  and 
from  that  date  others  emerged  daily  throughout  the  remainder  of 
the  month.  By  a  number  of  experiments  it  was  found  that  humidity 
greatly  facilitated  the  emergence  of  these  flies. 

These  flies  were  first  believed  to  be  scavengers,  feeding  on  the 
frass  and  decaying  seed  of  the  lupine  and  field  peas  in  the  wake  of 
the  legume  pod  moth.  However,  investigations  in  1910  proved  that 
the  insect,  though  often  found  with  Etiella,  was  quite  capable  of 
independently  infesting  seed  pods  and  was  itself  an  actual  seed  de- 
stroyer. Many  pods  were  found  to  contain  from  one  to  three  of  these 
larvse. 

Dr.  F.  H.  Chittenden,*  of  this  bureau,  notes  this  species  as  attacking 
radishes  at  San  Francisco,  Cal. 

The  larvae  molt  at  least  twice,  as  two  pairs  of  pharyngeal  hooks 
were  found  in  a  pod  with  one  larva.  Though  several  of  these  dipter- 
ous larvee  were  found  in  field-pea  pods  with  the  head  capsules  of 
larvae  of  the  legume  pod  moth,  we  hardly  believe  this  species  to  be 
parasitic,  as  larvae  confined  in  small  vials  with  pod-moth  larvae  would 
not  attack  the  latter. 

In  cages  with  earth  in  the  bottom  the  pupae  were  always  to  be 
found  below  the  surface  at  distances  ranging  from  1  to  3  inches.  The 
larvae  contract  just  before  forming  a  puparium.  The  puparium  is 
at  first  Qreamy  yelloW)  turning  brown  at  the  ends  first  and  finally 
becoming  entirely  ferruginous.  A  larva  that  contracted  on  the 
morning  of  July  31,  191J,  assumed  the  usual  puparium  form  by  9.30 
a.  m.  of  the  same  day.  It  was  still  pale  yellow,  but  by  2.30  p,  m.  it 
had  become  brownish  at  the  ends  and  deep  orange-yellow  at  the 
middle,  while  next  morning  the  puparium  was  uniformly  ferruginous 
brown. 

»  Bui.  66,  Pt.  VII,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  p.  95, 1909. 
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BESCRIPTION. 

THE    LARVA. 

(Fi?.  41.) 


Fig.  41.— The logxinie  pod  magfuoi (Pegomya  planipalpis).  I.arva:  a.  SiUe view;  6,  obli(}U9«ipeclfif fetwi:  r. 
thoracic  spiracle;  d,  e,  pbaryn^i^uJ  hooks,  lateral  and  duRiat  ttspec-l;  /,  dorsal  aspwt  of  caudal  stgfam. 
ff.  anal  spiracle,    a,  Much  enlarged;  ft-^,  highly  magnified.    (Original.) 

Larva  creani-white,  7.9  mm.  in  length  and  L9  mm.  in  diameter.  Broadly  bhmi 
jKjstorinrly,  conically  tapering  to  anterior  end.  Hook  jaws  black.  At  ba^^e  oi  sewftd 
thoraiMc  .sejj^ment  a  pair  of  fan -shaped  thoracic  spiracles  which  are 
pule  yellow  and  ten-lobed.  Anal  spiracles  on  rather  Ion*;  papilli- 
forii  tubercles;  8piracular  grifices  of  each  spiracle  three  in  number 
and  arranpred  to  form  a  letter  T,  the  stem  directed  laterad  and 
Hlit>:h(ly  ventrad.  Four  small  tvibercles  below  the  spiracles  are  ar- 
ranj*cd  in  a  row  acrotw  the  end  of  the  caudal  segment,  the  outer 
pair  the  larger.  In  front  and  to  the  side  of  this  row  is  a  pair  of 
lari^er  f  ubonles  and  in  front  of  this  pair  is  a  ring  of  twelve  tubercles 
around  the  se*;menl;  the  two  dorso-lateral  and  the  two  ventro-lateral 
tubercles  lanre  and  conspicuous,  the  others  smaller.  Ventral  swell- 
ing's (m  segments  3  to  9,  inclusive,  armed  with  many  small  spinous 
papillie. 


TIIE    PUPARIL^M. 

(Fig.  42.) 

Puparium  ferruginoiie,  dark  brown  at  ands. 
finely  wrinkled.    Hook  jaws  of  larva  visible. 


Fig.  42.-Tlf 
legumepodin^ 


Cylkidripftftly'  eval, 
Lengrik  6.4  mm.;  wuiih 


(OriginaL) 

S  mo. 
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THE   PUPA. 

(Fig.  43.) 

White,  head  largje,  front  protruding.  Legs  and  wing  pads  free. 
Third  pair  of  legs  under  wing  pads  except  tarsi. 

THE   ADULT. 

(Fig.  44.) 

The  following  is  a  translation  of  the  original  de- 
scription by  P.  Stein,  published  in  the  Berliner  Ento- 
mologische  Zeitschrift,  volume  42,  page  234,  1897. 

Pegomya  (Chortopkila)  planipalpis.  $  9 .  Size,  shape,  and  color 
similar  to  Ch.  cili4rura  Rd.  Cinereous;  eyes  cohering  closely  on 
inside,  frontal  triangular  stripe  practically  strtiight,  reddish;  front  Fio.  43.— The  legume 
and  epistoma  laterally  moderately  prominent,  cinereo-rufous,  peris-  Pod  maggot:  Pupa, 
tome  moderately  broad ,  grayish ;  ^ntenn«  black ,  third  joint  twice  as  Jj!^.^  n  1  a  r  g e  d . 
long  as  second,  base  of  arista  thickened,  very  slightly  pubescent. 


Fio.  44.~The  legume  pod  maggot:  Adult  male,  enlarged ;  side  of  head  of  female,  much  enlarged.    (Original )« 

p&lpi  black,  apex  a  little  dilated;  thorax  cinereous,  less  so  on  the  sides,  median  line 
narrow  and  lateral  stripes  hardly  perceptibly  wider;  abdomen  elongate,  depressed, 
modiau  stripe  and  incisures  narrowly  black;  tarsi  black;  pul villi  and  ungues,  the 
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anterior  ones  modemtely  and  the  posterior  one  di^tly,  elongate;  wings  neiriy 
hyaline,  longitudinal  veins  3  and  4  parallel,  anterior  cross- vein  perpendicular  snd 
nearly  strai^t,  costal  spines  snudl;  squamae  equal  and  white,  halteres  yellowish. 
Female  yellowiah-giay;  eyes  with  frontal  stripe  broad,  dirty  reddish,  and  quite 
broadly  separated  with  yellowish  gray;  palpi  distinctly  dilated  at  apex;  thorax  neari; 
immaculate;  abdomen  oblong,  median  stripe  and  small  areas  shining  indistinct  yel- 
lowish brown;  base  of  wings  yellowish.     Size  ^  5,  9  ^  ^^^ 

PABASTTES. 

Pegamya  planipalpis  is  attacked  by  two  chalcidid  parasites-  One 
{Ilolaspis  n.  sp.)  belongs  to  a  genus  of  which  there  are  two  known 
s|)ecies,  Ilolasjns pareUina  Boh.  and  //.  pajyaveris Thorns.,  recorded  ^  &? 
parasitic  on  Cecidomyia  spp.  The  other  parasite  (not  yet  determined 
reared  from  the  legume  pod  maggot  is  probably  also  new  to  science. 

RKMKPTAT,  AND  PRBVEimyS  HEASXTEES. 

This  maggot  has  not  as  yet  become  a  serious  factor  in  field-pe» 
seed  growing  in  the  Pacific  Northwest.  The  dissemination  a> 
hibernating  puparia  can  be  readily  prevented  by  fumigation.  As  is 
the  case  with  the  legume  pod  moth,  it  can  not  be  exterminated  becaus^^ 
of  the  native  lupint^s. 

1  IHUla  Torre,  CatalogUA  Hymenopteronim,  vol.  5,  p.  291 ,  1898. 
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THE  ALFALFA  LOOPER  IN  THE  PACIFIC  NORTHWEST. 

(Autoffrapha  gamma  calif ornica  Speyer.) 

By  J.  A.  Hyslop, 
Agent  and  Expert. 

INTBODTTCnON. 

The  first  record  of  this  moth  of  economic  importance  is  an  un- 
published note  by  Mr.  Theodore  Pergande*  made  June  29,  1895, 
wherein  he  records  having  received  from  Mr.  E.  W.  Baker,  of  Grand 
Junction,  Colo.,  a  few  specimens  of  the  larvse  of  a  Plusia,  determined 
on  the  note  as  '^Plusia  gamma  ( ?  ),"  with  the  statement  that  the  larvae 
do  much  damage  to  the  leaves  and  blossoms  of  alfalfa.  Material  was 
not  preserved,  so  actual  specific  determination  is  impossible.  As 
Plusia  gamma  L.  is  a  European  species,  presumably  it  was  P.  gamma 
ccHif ornica  Speyer,  now  known  as  Autographa  gamma  calif ormca. 

The  depredations  of  this  species  have  not  as  yet  been  sufficiently 
serious  to  cause  damage  in  the  Palouse  region  of  Washington  and 
Idaho,  although  its  attacks  on  alfalfa  and  clover  have  attracted  the 
attention  of  many  ranchers.  The  larvae  are  usually  very  numerous  in 
the  early  spring  and  gradually  increase  in  numbers  until  the  first 
hay  cutting,  when  they  appear  to  reach  the  maximum.  They  do  not 
seem  to  be  inconvenienced  by  the  removal  of  the  hay  crop,  but  imme- 
diately turn  their  attention  to  the  young  second  growth,  on  which 
larvie  are  to  be  found  throughout  the  summer  until  the  early  frosts. 

The  alfalfa  looper  in  this  locality  has  been  held  in  check  by  a 
number  of  parasites  aad  a  disease,  but  any  change  in  environmental 
conditions  which  might  tend  to  reduce  the  efficiency  of  these  natural 
checks  or  accelerate  the  reproduction  of  these  moths  would  undoubt- 
edly cause  a  serious  outbreak,  such  as  occurs  periodically  with  the 
highly  parasitized  white-marked  tussock  moth,  Eemerocampa  leu- 
eostigm/j^  S.  &  A.  It  does,  however,  offer  an  excellent  illustration 
of  the  statement,  so  often  made,  that  many  injurious  insects  are  held 
in  check  by  their  parasites.    Such  cases  as  the  above  justify  the  arti- 

1  Bureau  of  Entomology  Notes,  No.  6692. 
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ficial  introduction  of  parasites  as  one  of  the  efficient  measures  to  be 
taken  in  the  cwitrol  of  a  serious  pest. 

That  Autographa  gam/ma  cdlifoTruca  may  appear  in  enormous 
numbers  is  evidenced  by  cme  of  the  earliest  biological  records  on 
this  species.  A  note  in  the  Bureau  of  Entomology  files,  made  bv 
Mr.  Koebele*  in  1886,  states  that  on  the  morning  of  April  30  he 
examined  a  mass  of  material  collected  from  within  an  electric  light 
globe  at  Los  Angeles,  Cal.  Of  4,161  moths  examined,  2,005  Trere 
Autographa  gamma  califomica.  He  further  states  that  the  larvs 
were  numerous  on  a  variety  of  plants.  In  anticipation  of  such  tn 
outbreak  the  biological  notes  and  other  data  at  hand  in  this  office  aie 
herewith  published. 

DISTBIBT7TI0K. 

Specimens  of  this  moth  {Autographa  gammva  califomica)  in  the 
United  States  National  Museum  were  collected  in  Los  Angeles 
County,  Kern  County,  Placer,  Alameda,  and  Fresno,  CaL;  Colo- 
rado; Nevada;  Seattle,  Pullman,  and  Easton,  Wash.;  and  along 
Kaslo  Creek,  in  British  Columbia.  Mr.  T.  H.  Parks,  of  this  office, 
has  collected  larvae  of  this  species  at  Cokeville,  Wyo.,  and  Idaho 
Falls  and  Blackfoot,  Idaho,  in  all  cases  feeding  on  alfalfa. 

SEASONAL  HISTOBY. 

This  insect,  in  the  Palouse  region  of  Washington,  passes  the  winter 
as  hibernating  pupa  and  probably  also  as  the  adult  moth,  since 
much-battered  adults  are  to  be  seen  early  in  the  spring.  Late  in  Maj 
and  throughout  June  the  adults  are  to  be  seen  in  the  alfalfa  and 
clover,  darting  rapidly  away  when  disturbed.  They  are  active  id 
bright  sunlight,  feeding  on  the  nectar  from  the  clover  and  alfidfa 
blossoms.  The  flight,  though  short,  is  very  direct  and  so  rapid  as 
to  render  the  insect  almost  invisible. 

May  2,  1887,  Mr.  Koebele^  records  observing  one  of  these  moths,  at 
Alameda,  Cal.,  ovipositing  on  Malva  rotundifoUa  at  3  o'clock  in  the 
afternoon.  Definite  data  relative  to  the  length  of  the  egg  stage  of 
this  species  have  not  been  obtained,  though  several  female  moths 
were  confined  for  that  purpose.  They  fed  greedily  on  sugar  sirup 
but  refused  to  oviposit.  However,  Mr.  E.  O.  G.  Kelly,  of  thi> 
bureau,  captured  a  female  of  Autographa  br^assicce  Riley  in~an  alfalfa 
field  at  Wellington,  Kans.,  on  October  27,  1909.  This  moth  died 
the  following  day,  after  laying  eight  eggs.  These  began  hatching  <hi 
November  2  and  were  all  hatched  the  next  day.  This  limits  the 
egg  stage  of  Autographa  hrassiccs  to  seven  days,  and  this  is  very  likelr 
the  time  of  incubation  of  the  other  species  of  this  genus. 

iBareau  of  Entomology  Notes,  No.  96  K. 
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Early  in  June  the  young  larvae  become  numerous  in  the  fields, 
walking  very  much  as  do  geometrid  larvae  or  "measuring  worms.'' 
This  is  due  to  the  fact  that  the  larvae  have  prolegs  on  only  the  fifth, 
sixth,  and  ninth  abdominal  segments.  If  disturbed  they  curl  up 
and  drop  to  the  grouijd,  the  older  larvae  lying  there  tightly  curled 
up  and  refusing  to  move  when  irritated,  but  larvae  of  the  second  and 
third  instars  when  touched  alternately  straighten  out  and  curl  up 
very  suddenly,  thus  jumping  about  spasmodically.  The  larvae  while 
young  feed  upon  the  epidermis  of  the  leaves,  skeletonizing  them  and 
giving  to  the  attacked  plant  a  brownish  appearance.  The  older 
larvae — that  is,  after  the  third  molt— eat  from  the  edge  of  the  leaf 
toward  the  midrib,  entirely  consuming  the  leaves.  The  larval  period 
lasts  about  two  weeks,  there  being  five  molts  with  periods  of  about 
three  days  elapsing  between  each.  When  ready  to  pupate  the  larva 
spins  a  loose  white  silken  cocoon  (PI.  XI,  fig.  2)  among  a  number  of 
leaves,  usually  well  up  in  the  plants,  incorporating  two  or  three 
leaves  in  its  structure.  The  larva  completes  the  cocoon  in  about  half 
a  day  and,  at  least  in  the  case  of  specimens  reared  in  our  insectary, 
pupates  the  day  following  that  on  which  the  cocoon  is  completed. 
The  length  of  the  pupal  stage  of  specimens  reared  in  our  laboratory 
was  very  uniformly  10  or  11  days.  Dr.  H.  G.  Dyar*  gives  12  days 
as  the  length  of  this  period,  and  Mr.  Koebele  ^  records  the  length  of 
the  pupal  stage  as  from  10  to  15  days.  He  gives  an  exact  rearing 
record^  wherein  he  mentions  a  larva  collected  at  Piedmont,  Cal., 
February  24,  1888,  which  pupated  on  March  5,  the  moth  emerging 
March  22,  making  a  pupal  period  of  17  days.  Dr.  F.  H.  Chittenden, 
of  this  bureau,  gives  from  6  to  22  days  as  the  pupal  period  of  a 
closely  related  species,  Autographa  irassicce. 

Thus  the  time  elapsing  from  egg  laying  until  the  adult  emerges 
covers  a  period  of  from  26  to  48  days,  probably  being  about  30  days 
in  the  Palouse  country  of  Washington. 

The  first  adults  of  the  second  generation  appear  in  early  July, 
and  adults  continue  quite  numerous  throughout  this  month,  belated 
individuals  having  been  collected  as  late  as  August  3.  There  are 
two  generations,  and  probably  three  in  the  case  of  the  earlier  ap- 
pearing individuals,  and  larvae  in  all  instars  are  to  be  found  in  the 
field  as  late  as  the  end  of  August,  but  these  very  late  larvae  probably 
succumb  during  the  winter. 

Mr.  T.  H.  Parks,  of  this  office,  records  finding  the  larvae  of  this 
species  about  half  grown  in  the  alfalfa  fields  about  Salt  Lake  City, 
TJtah,  as  early  as  May  22,  in  1911.  Larvae  were  found  throughout 
June.    The  first  pupa  found  in  this  locality  was  obtained  on  June  5 

^  Entomologlca  Americana,  toI.  6,  p.  14,  1890. 
'Bureau  of  Entomology  Notes,  No.  95  K. 
•Bureau  of  Entomology  Notes,  No.  389  K. 
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from  a  larva  in  one  of  the  rearing  cage&  Mr.  Parks  records  obtain- 
ing an  adult  in  his  cages  on  July  7,  and  observed  another  adult  in  the 
alfalfa  fields  near  the  Salt  Lake  City  Field  Laboratory  on  August  2. 
On  August  23  one  of  these  moths  was  found  under  a  board  lying 
along  a  fencerow  adjoining  an  alfalfa  field  near  Salt  Lake  City. 

FOOD  PLAHTS. 

Mr.  Koebele*  records  the  larva  of  this  species  as  feeding  on  cab- 
bage, barley,  and  elder  {Samhucus  sp.)  at  Los  Angdes,  Cal.;  (m 
dock  {Rumex  sp.)  at  Piedmont,*  Cal.,  and  records  collecting  a 
female  while  ovipositing  and  also  larvae  while  feeding  on  Mdm 
rotundifolia  at  Alameda,  Cal.  We  have  collected  the  larvtt  and 
reared  adults  from  red  clover,  alfalfa,  and  garden  peas  at  Pullman, 
Wash. 

DBSC&ZPTIUNSw 
THE  BOG.* 

**  Ste  bemi^ilierical,  rounded  at  the  base,  the  apex  with  a  rounded  depreskm. 
Finely  creased  vertically;  color  pale  yellow." 

THE   LARVA. 

First  instar  (?). — Body  slender,  pnle  creamy  white,  with  long  blac3c  Ittlrs: 
head  conspicaouBly  large,  shining  blaclt ;  thoracic  legs  blackish ;  only  tbsm  ptir 
oi  prolegB,  situated  on  abdominal  segments  5,  6,  and  9,  prolegs  coocoliNrota  witb 
body.    Length,  1.8  mm. 

Second  inatar. — Body  segm^its  7  and  8  ^ilarged,  9  smaU ;  ckAot  pale  green, 
marlced  with  cream-colored  longitudinal  lines  as  follows:  A  snbdorsitl  Use, 
very  fine  and  wavy ;  a  stigmatal  line,  broader,  straight,  sharply  d^lned  donally, 
and  finding  out  ventrally ;  segm^its  ornamented  with  transv^-ae  row  of  bUxk 
papillae  bearing  black  hairs ;  head  cream-color ;  thoracic  legs  cream-color,  with 
tips  of  claws  ferruginous.    length,  3  mm.  to  5  mm. 

Third  inatar. — Body  paplllse  white,  with  black  dots  at  base  of  hairs;  three 
longitudinal  lines  in  subdorsal  space,  the  more  dorsal  one  fine,  clearly  defined 
and  wavy,  the  middle  one  broad  and  indistinct,  and  the  third  one  about  as 
fine  as  the  first  but  less  wavy;  stigmata  on  first  thoracic  and  first  to  eighth 
at)dominal  segments,  pale,  with  oval  black  margins,  that  on  eighth  abdominal 
segment  much  larger  than  others;  mandibles  pale  reddish  brown;  eyes  with 
series  of  six  black  dots  arranged  in  a  ventrally  directed  semicircle  near  the 
base  of  the  antennae.    Length,  6  mm.  to  9  mm. 

Fourth  instar, — Body  darker  green,  papillie  in  two  transverse  rows,  the 
papillae  of  one  row  alternating  with  those  of  the  other ;  head  green,  pa)^'  thtn 
body,  mandibles  and  palpi  brownish;  thoracic  legs  infuscate;  marginal  hook5 
of  prolegs  ferruginous-brown.    Ijength,  10  mm.  to  14  nun. 

^Bureaa  of  Entomology  Notes,  No.  95  K. 
'Bureau  of  Entomology  Notes,  No.  880  K. 
*  Entomologica  Americana,  vol.  6,  p.  14,  1890. 
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Plate  XI. 


The  Alfalfa  Looper  and  its  Parasites. 


Fig.  1.— Cocoon  duster  of  AparUelea  hyslopi, 
californica).    Fig.  3.— Larva  of  alfalfa  loop* 
of  alfalfa  looper.    Fig.  5.— Adult  alfallia  looper. 
(Original.) 


Fig.  2.— Coooon  of  alfalfa  looper  (AtUographa  gamma 
Fig.  3.— Larva  of  alfalfa  looper  with  oocoon  of  MicroplitU  aiaskcnfis. 


Fig.  G.  -Adult  alfalfa  looper  at  re^t. 


Fie.  4.— Pupa 
All  enlarged. 
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Fifth  instar  (fig.  45). — Body  dark  olive-green,  dorsal  edge  of  stigma tal  line 
opposed  by  an  almost  black  line  which  fades  Into  the  general  body  color  dorsally ; 
head  brilliant  green,  mandibles  and  palpi  brown,  a  black  oblong  patch  on 
posterior  margin  of  eye  extending  from  near  median  line  almost  to  base  of 
mandibles ;  thoracic  legs  almost  black.    Length,  21  mm«  to  28  mm. 

THE   PUPA. 

(PL  XI,  fig.  4.) 

•*  Pupa  depressed  somewhat  above  the  wing  cnses  at  back  of  the  thorax,  the 
eyes  prominent,  the  tongue  case  projecting  below  the  wing  cases,  forming  a  round 
prominence  over  the  first  abdominal  segment.  The  cremaster  is  short  and  blunt, 
and  the  hooks  with  which  it  is  furnished  are  fastened  in  the  silk  of  the  cocoon. 
Wing  cases  slightly  creased.  Color  brownish-black,  but  paler  at  the  joinings  of 
the  parts  and  between  the  abdominal  Joints.  In  occasional  instances  the  whole 
pupa  is  pale." 

The  above  description  of  the  larval  stages  of  this  moth  agrees  in 
substance  with  that  published  by  Dr.  11.  G.  Dyar*  for  this  species 
in  California.    The  larvae,  however,  are  not  constant  in  the  matter 
of    coloration.      Adult 
larvae  were  found  with- 
out   the    characteristic 
black  markings,  while 
others   had   the   entire 
head    black.      Some 
larv^ae  were  of  the  same 
pale-green  color  in  the 
fifth   instar  as   in   the 
fourth,     while     others 

were  almost  white.  fig.  45. — ^The  alfalfa  looper  {Autographa  gamma  oali- 

ThAi  WA  hnA  fhft  firQf  fomica)  :  a.  Larva,  dorsal  aspect;   h,  same,  lateral 

1  nat  we  naa  me  nrsi         t^gpect.    Enlarged  21  diameters.     (Original.) 

instar  is  only  an  as- 
sumption from  the  number  of  subsequent  molts  obtained.  Dr.  Dyar's 
description  of  the  pupa  is  used,  as  it  agrees  identically  with  those 
found  in  the  Northwest.  The  pupa  is  dark  olive-green,  with  brown 
shadings  and  pale  intersegmental  bands  when  first  formed,  but  soon 
becomes  uniformly  brown. 

THE   ADULT.* 
(PI.  XI,  figs.  5,  6.) 

The  following  is  a  translation  of  Speyer's  original    description : 

Two  California  males  from  Mo6chler*s  collections  differ  from  the  European 
gamma  (which  I  can,  however,  only  comi>are  with  native  specimens)  in  the  fol- 
lowing points:  The  color  of  the  dorsal  surface  of  the  forewlugs  Is  a  clear, 
light-blue  gray,  except  the  punctuation  which  Is  rose  colored  or  rust  colored; 
this  is  exhibited  In  all  the  gamma  found  here  by  me,  and  also  in  several  dis- 
tinct variations. 

^  Entomologica  Americana,  vol.  6,  p.  14,  1800. 

>  Stett  Bnt.  Zeit.,  vol.  36,  p.  164,  1875 ;  syn :  ru$$ea  Hy  Edwards. 
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The  gamma  mark  is  somewhat  differently  shaped :  Both  its  upper  arms  di- 
verge, thus  cutting  off  a  broader  equilateral  triangle,  through  the  upper 
median  border,  between  them.  The  outer  arm  of  this  figure  forms  at  its  inner 
side  an  obtuse  angle  and  is  directed  parallel  with  the  hind  edge  (of  the  wing) 
while  in  the  European  species  it  is  more  basally  directed.  The  lower  ami  of 
the  ffamma  sign  runs  nearly  horizontal.  In  this  direction  the  black  enclosed 
part,  supported  by  the  two  outer  arms,  is  more  snout-shaped  while  in  the  G^- 
man  forms  this  form  is  approximately  a  rectangular  space,  rounded  at  its 
apex.  The  ring  spot  is  surrounded  by  a  whitish  margin,  elongate,  apd  inclined 
very  obliquely  basally.  The  posterior  diagonal  band  runs  from  tlie  subcostal 
to  the  inner  branch  of  the  median  (branch  2),  not  in  a  smooth  curve  as  in 
gamma  but  in  an  unbrokai  straight  line  and  is  not  so  strongly  curved  basallj 
opposite  the  lower  arm  of  the  gamma  sign  as  in  the  latter.  On  the  under 
surface,  as  in  the  Froich  forms,  the  wings  are  dear  white  with,  especially  on 
the  forewings,  sharp  black  mottlings.  The  remainder  of  the  border  of  the 
underside,  as  is  also  the  color  of  the  hind  wings,  is  lighter  colored  than  the 
European  forms.  This  form  may  be  easily  separated  from  moderately  light 
varieties  in  color  and  design  by  these  important  distinctions — the  gamma  ^go 
and  the  posterior  diagonal  band. 

Whether  we  liave  to  do  with  a  distinct  species,  a  local  variety,  or  merely 
an  accidental  variety,  must  be  proved  by  more  extensive  comparlacms. 

Specimens  of  gamma  from  the  Atlantic  States,  where  they  are  said  to  be  indig- 
enous by  Ruhordem,  Koch,  and  Grote.  I  have  not  yet  seen.  They  are,  wtien 
the  calif ornica  form  is  considered  with  them,  spread  over  the  whole  north«T» 
hemisphere  from  Greenland  to  Abyssinia.  They  should  be  found  even  in  New 
Holland  [Australia],  cf.,  my  Geographical  Distribution  of  the  Butterflies  of 
(Germany,  etc..  Volume  II,  page  219. 

PABASITEa 

This  moth  is  severely  parasitized.  At  the  field  laboratory  in 
Pullman,  Wash.,  we  obtained  five  hymenopterous  and-two  dipterous 
parasites  and  observed  a  disease  during  the  seasons  of  1909  and  1910. 

On  July  12,  1909,  two  small  larvae  of  the  alfalfa  looper,  measuring 
about  14  mm.  in  length,  had  contracted  to  8  mm.,  became  turgid,  quite 
hard,  and  changed  to  a  rich  ferruginous  brown.  On  July  22  of 
the  same  year  two  specimens  of  Rhogas  autographoB  Vier.  (fig.  46) 
emerged.  On  close  examination  of  this  improvised  puparium  it  is 
f oimd  to  be  almost  entirely  made  up  of  the  abdominal  segments  7  to  12 
of  the  lepidopterous  larva  (see  fig.  47).  The  thoracic  and  anterior  ab- 
dominal segments  1  to  6  contract  to  form  an  almost  black  annulated 
cap  over  one  end  of  the  puparium,  with  the  transparent  head  shield 
terminating  this  cap.  Segment  13,  bearing  the  anal  prolegs,  termi- 
nates the  other  end  of  the  puparium  and  is  also  transparent.  Seg- 
ments 9  and  10  each  bear  the  transparent  skin  of  their  respective 
prolegs.  The  hair  papillae  on  segments  7  to  10  are  pale  and  col- 
lected in  a  darker  elevated  band  around  the  middle  of  their  respective 
segments.  The  adult  in  emerging  gnaws  a  smooth,  circular  hole 
through  the  dorsimi  of  the  eleventh  and  twelfth  segments. 


Digiti 


zedbyGoO'gle 


THE  ALFALFA  LOOPEB  IN  PACIFIC   NORTHWEST. 


115 


On  July  29,  1909,  a  larva  was  observed  with  a  cocoon  fastened 
between  the  middle  and  anal  prolegs  (PI.  XI,  fig.  3).  The  moth 
larva  was  still  alive,  though  unable  to  move  from  the  cocoon,  and  died 
the  following  day.     On  August  1  an  adult  hymenopteron,  Micro- 


V^;w 


Pig.  46. — Rhogaa  autographar,  a  hymcnopterous  parasite  of  the  pupal  stage  of  the  alfalfa 
looper.     Greatly  enlarged.     (Original.) 

plitis  alasJcensis  Ashm.,  emerged  from  this  cocoon.  The  cocoon 
of  this  parasite  (fig.  48,  c)  is  pale  green,  5  mm.  long,  cylindri- 
cally  ovoid,  and  slightly  pointed  at  the  anterior  end.  In  emerging 
the  adult  very  neatly  cuts  a  cap  from  the  anterior  end,  this  cap 
often  remaining  fastened  to  the  co- 
coon by  a  few  threads.  On  August 
12  another  larva  was  found  bearing 
one  of  these  cocoons,  and  on  August 
14  an  adult  parasite  emerged. 

MieropUtis  n.  sp.,  determined  by 
Mr.  H.  L.  Viereck,  was  reared  from 
the  larva?  of  these  moths  on  June  28, 
1910.  This  parasite  spins  a  tan- 
colored  cocoon  which  measures  3.53 
mm.  in  length  (fig.  48,  a). 

/Sargaritis  wehsteri  Vier.  is  one  of  the  most  numerous  parasites  of 
the  alfalfa  looper  at  Pullman,  Wash.  The  first  specimen  obtained 
emerged  on  August  14,  1909.  The  following  year  specimens  emerged 
June  21,  July  5,  and  July  25.    This  species  spins  a  cocoon  (fig.  48,  h) 


'5^^ii^?ter; 


Fig.  47. — Larval  skin  of  alfalfa  looper 
from  which  Rhogas  autographw  has 
issued :  a.  Dorsal  aspect ;  }>,  lateral 
aspect.  Enlarged  6  diameters.  (Orig- 
inal.) 
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which  is  bluntly  oval,  mottled  with  brown,  and  measures  6.53  mm. 

in  length. 
On  August  27  a  dead  larva  of  the  alfalfa  looper  with  a  mass  of 

hymenopterous  cocoons  fastened  to  it  (PI.  XI,  fig.  1)  was  found 

in  an  alfalfa  field  in  Pullman,  WasL 
The  cocoons  were  enveloped  in  a  loose, 
white,  silken  ball  18  nmi.  in  diameter. 
On  August  20, 34  specimens  of  Apanteles 
hydopi  Vier.  (fig.  49)  emerged  from  this 
mass. 

Ameloctonus  n.  sp.,  determined  by  Mr. 
H.  L.  Viereck,  was  reared  from  the  larva 
of  this  moth  at  Salt  Lake  City,  Utah,  in 
1911,  by  Mr.  T.  H.  Parks,  of  this  office. 
The  cocoon  of  the  parasite  was  spun  on 
August  I7,and  the  adult  parasite  emerged 
on  August  23. 

One  of  the  alfalfa  looper  larvae  in  the 

insectary  rearing  cages  started  to  spin  a  cocoon  on  January  11,  1909. 

On  examining  the  cocoon  two  days  later  it  was  found  to  contain 

puparia  of  Plagia  americana  Van  der  Wulp,  one  entirely  and  <Mie 

partly  within  the  dried  larval  skin.     On  July  23  one  adult  emerged, 


Pio.  48. — Cocoons  of  alfalfM  looper 
parasites :  a,  MicrxtpUtU  sp. ; 
h,8argariiU  tcelmteri;  c.  Micro- 
pUtU  alaskentfU.  Enlarged  6 
diameters.     (Original.) 


FlO. 


49. — Apanielei  hyslopi,  a  hymenopterous  parasite  ol  the  alfalfa  looper. 
enlarged.     (Original.) 


Oreatlj 


and  on  either  July  24  or  25  another  emerged  (fig.  50).  Several  more 
of  these  flies  were  reared,  and  the  number  that  would  emerge  from  a 
larva  was  always  directly  associated  with  the  size  of  the  larva.  A 
very  small  larva  in  our  cages  produced  one  fly,  a  medium-sized  larva 
two,  and  a  full-grown  larva  produced  five  of  these  parasites. 
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Two  specimens  of  a  dipterous  fly,  Phorocera  saundersii  Will.  (fig. 
51),  were  reared  from  a  larva  of  the  alfalfa  looper  on  May  18,  1910. 


Pio.  60. — Plagia  americana.  a  dipterous  parasite  of  the  alfalfa  looper. 

(Orisrlnal.) 


Greatly  enlarged. 


Mr.  Koebele  ^  records  having  reared  14  parasitic  flies  from  a  single 
larva  of  this  moth  at  Los  Angeles;  but  as  the  material  is  not  now 
available,  determination  is  impossible.  These  were  probably  not 
flies  but  Hymenoptera  and  very  likely  Apanteles  hyslopi  Vier.    On 


Fio.  61. — Phorocera  savndersH,  a  dipterous  parasite  of  the  alfalfa  looper. 

enlarged.     (Original.) 


Greatly 


the  same  note  he  also  records  rearing  two  flies  from  a  larva  of  this 
moth  at  Alameda,  Cal. 

On  July  8,  1909,  two  ants  {Formica  rufa  obscuripes  Forel)  were 
found  at  Pullman,  Wash.,  dragging  a  young  larva  of  this  insect  that 
^was  alive  and  struggling. 


>  Bureau  of  Entomology  Notes,  No.  96  K. 
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Mr.  T.  H.  Parks,  of  this  office,  also  made  a  similar  record  near  Salt 
Lake  City,  Utah,  on  August  16, 1911,  wherein  he  observed  a  ^  numb^ 
of  large  ants  {FornUca  subpolita  Mayr)  dragging  one  of  these  half- 
grown  larvae  to  their  nest  in  a  field  of  alfalfa.  The  larva  fou^ 
to  free  itself  but  was  finally  overcome  and  killed  by  the  ants." 

DISSASES. 

Early  in  July,  1909,  many  of  the  larvse  in  our  rearing  cages  at 
Pullman,  Wash.,  were  killed  by  a  disease.  First,  they  became  slug- 
gish and  contracted,  and  then  turned  dark  brown,  often  being  reduced 
to  a  black  purulent  mass.  In  other  cases  they  became  mummified 
Specimens  of  these  diseased  larv«  were  sent  to  Dr.  Flora  W.  Patta*- 
son.  Mycologist  of  the  Bureau  of  Plant  Industry,  who  report^ 
that  while  she  could  find  no  fungi,  the  specimens  were  swarming  with 
bacteria. 

A  note  made  by  Mr.  Theodore  Pergande*  February  21,  1883, 
records  a  fungous  disease  {Botrytis  rileyi)^  having  been  found  para- 
sitic on  Plima  braasicce^  by  Mr.  W.  G.  Farlow,  of  Cambridge,  Mass. 

KKMKT)TES  AND  PBEVENTIVSa 

Attention  has  already  been  called  to  the  fact  that  in  this  species 
we  have  an  illustration  of  the  influence  of  natural  enemies  of  a  pest 
in  protecting  the  interests  of  farmers  by  keeping  the  insect  so  re- 
duced in  numbers  as  to  prevent  injury  to  his  crops.  So  effectually 
was  this  being  done  in  the  case  of  the  present  species  as  actually  to 
prevent  the  conducting  of  experiments  for  warding  off  such  injuries; 
hence  no  recommendations  can  be  given.  The  time  may  come,  how- 
ever, when  these  natural  enemies  may  themselves  suffer  reverses  and 
temporarily  fail  to  hold  the  pest  in  check ;  then  the  information  here 
given  will  become  of  the  utmost  importance  as  a  basis  for  experi- 
ments with  restraining  measures. 

^  Bureau  of  Entomology  Notes,  No.  294<*. 
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Cabbage,  food  plant  of  Autographa  gamma  cali/omica 112 

EUodes  tricoitata 73-74 

Calandra  calloM= Sphenophonu  eallonu M 

Calomagroetis,  hibernating  shelter  of  chinch  bug 35 

Cane  in  piles,  hibernating  place  of  chinch  bug 32 

C'annibalism  in  false  wireworms  in  confinement 82 

Carex/rankxi,  food  plant  of  Sphenophonu  oallostu 57, 58.  GO 

vxdpinoidea,  food  plant  of  Sphenophonu  callosxju ^ 

Cfcidomyia  spp.,  hosts  of  Holaspis  parellina  and  IloUupis  papaveris . 108 

Centrorerctu  urophasiantUy  enemy  of  Eleodes  adults 84 

(^halcidids  parasitic  on  Pegomya  planipalpis 108 

(lieat.    (See  Bromtu  secalintu,)   • 

Chickens,  enemies  of  Eleodes  adults 84 

Chinch  bug,  control  by  parasitic  fungi 40-50 

description 24 

destruction  of  those  in  hibernation 36-37 

which  enter  com  fields 38-39 

distribution  west  of  Miasiasippi  River 23-24 

generations,  number 24 

hibemation 32-36 

in  Kansas,  1911 30^2 

southem  Kansas  and  northern  Oklahoma,  1910 2^-30 

migrations 24-26 

parasitic  fungi * 40-50 

plowing  under  infested  crops  for  its  destmction 39-^ 

preventive  measures  recommended 36-38 

remedial  measures 38-^ 

status  in  Kansas,  Missouri,  and  Oklahoma 26-32 

unsatisfactory  remedial  measures 39 

west  of  Mississippi  River 23-52 

sunimar>' 50-o2 

Chordeiles  acutipennis  texensis,  enemy  of  Sphenophonu  callosiu 7i 

Chrysolophm  amherstse  and  adult  Eleodes 84 

pictus  and  adult  Eleodes S4 

Chufa.     (See  Cypenu  esculentiu.) 

Ctiellus  columbianusy  adults  of  Eleodes  leteheri  randyhei  in  burrows 83 

towTuendi^  adults  of  Eleodes  obscura  sulcipennis  in  burrows 76 

"Clewbug, "  colloquial  name  for  Sphenophonu  callosiu d3 
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Clover,  red,  food  plant  of  Autographa  gamma  cali/omica 112 

**Clue  bug, "  colloquial  name  for  Sphenophorus  callo^us 55 

Coal-tar  barrierB  against  chinch  bug 37-38 

ineffective  as  a  repellent  against  false  wireworms  (Eleodes) 87 

Com  fodder,  hibernating  place  of  chinch  bugs 33 

food  plant  of  Sphenophorus  callosua 54-57, 59 

maidis 15 

husks,  hibernating  place  of  chinch  bug 32 

leaves,  food  of  Eleodes  adults 82 

seed,  food  of  Eleodes  adults 82 

false  wireworms  (Eleodes) 82 

Conms  brachyrhynckos  hesperisy  enemy  of  Eleodes  adults 84 

Corymhitea  inflatus  destroying  wheat  field 74 

Crop  rotation  against  **curlew  bug'*  (Sphenophorus  callosus ) 70-71 

timothy  stem-borer  (Mordellistena  ustulata) 9 

Crotolaria  incana,  food  plant  of  Etiella  zinckenella  schisticolor 89, 91 

sagittalisy  food  plant  of  Etiella  zinckenella  schisticolor 89, 91 

Crow,  western.    (See  Corvus  brachyrhynchos  hesperis.) 

Cultural  methods  against  "curlew  bug*'  (Sphenophorus  callosus) 70-71 

false  wireworms  (Eleodes) 86-87 

legume  pod  moth  (Etiella  zinckenella  schisticolor) ....  104 
*  *  Curlew  bug.  * '     (See  Sphenophorus  callosus.) 

Cyperus  esculentuSf  food  plant  of  Sphenophorus  callosus 55, 57, 58 

exaUatuSy  food  plant  of  Sphenophorus  callosus 59 

rotundatuSy  food  plant  of  Sphenophorus  callosus 58 

strigosuSy  food  plant  of  Sphenophorus  callosus 58 

Dactylis  glomeratay  host  plant  of  Mordellislena  ustulata 2 

Diatrsea  saccharaliSy  remedies  similar  to  those  employed  against  Sphenophorus 

maidis 22 

resemblance  of  injury  to  that  of  Sphenophorus  maidis 22 

sp.,  on  com,  known  as  **budworm  " , 69 

Digitaria,  hibemating  shelter  of  chinch  bug 35 

Disease  affecting  larvee  of  Eleodes 85-86 

bacterial.    (See  Bacterial  disease.) 
fungous.     ( See  Sporotrichum  globuli/erum . ) 
Dock.    (See  Rumex  ep.) 

Dryobates  villosuSy  enemy  of  Eleodes  adults 84 

Ducks,  enemies  of  Eleodes  adults 84 

Dust  barriers  against  chinch  bug 37 

Early  varieties  of  peas,  use  in  preventing  injury  by  legume  pod  moth  (Etiella 

zinckenella  schisticolor) 104 

Elder.    (See  Sambucus  sp.) 

Eleodes  adults,  defensive  habits  and  secretion 76-77 

food  substances 82 

natural  enemies  and  parasites 84-86 

larvce.     (See  Wireworms,  false.) 

*  Eleodes  dentipeSy  longevity  of  adults  in  confinement 84 

extricatay  occurrence  in  Pacific  Northwest 74 

hispilabrisy  occurrence  in  Pacific  Northwest 74, 75 

humeralis,  occurrence  in  Pacific  Northwest 74 

letcheri  vandykei.  adult,  description 80 

descriptions 78-80 

distribution 75 
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EUodeM  letcheri  vandykei,  egg,  deecription 7^ 

investigations  in  Big  Bend  r^ion  of  Washington 76-78 

larva,  deseription * 78-79 

occurrence  in  Pacific  Northwest 74, 75 

pupa,  description 79-S) 

seasonal  history ^4\ 

manni  occurrence  in  Pacific  Northwest 74 

nignnOf  number  of  eggs S3 

occurrence  in  Pacific  Northwest 74, 7i 

obseura  tulcipennis,  adults  found  in  burrows  of  (Melius  towiweruH  and 

badger 76 

occurrence  in  Pacific  Northwest 74, 7o 

opacay  damage  to  seed  wheat 74 

distribution 7« 

pimtlioides,  adult,  description 81-S 

descriptions 80-^ 

distribution 75 

^;g,  description 80 

eggs,  number *. S3 

in  wheat  field  in  Pacific  Northwest 71 75 

larva,  description SO-Sl 

pupa,  description SI 

Bchwanii^  occurrence  in  Pacific  Northwest 74 

stUuraliSf  distribution 76 

early  record  as  injuring  wheat 74 

host  of  Perilitui  n.  sp 85 

seasonal  history 83-84 

texarWy  distribution 7S 

tricostata^  di«»tributiou 75 

early  records  as  injuring  cabbage 7:VT4 

"Elephant  bug,*'  colloquial  name  for  Sphenophorus  viaidis 14 

ErUomophthora  aphidis,  parasite  of  chinch  bug 4ft 

Erax  lateralis,  enemy  of  Sphenophorus  callosus 71 

Eliella  villosa^Etiella  zinckenella T 90 

zinckendla,  sjiionymy 90 

schisticolor $9-l(H 

adult,  description 9^ 

description 9l~92 

dLssemination.  artificial ICS 

distribution 90 

egg,  description 91 

field  work,  1910-11 94-103 

food  plants 90-91 

historical 89-90 

larva,  description 91-W 

parasites 104 

pupa,  description *: 9e 

remedial  and  preventive  measures MM 

seasonal  history 92-^4 

synonymy 90 

Euphoffus  cyanocephalvs S4 

enemy  of  Eleodes S3 

Eleodes  Iclcheri  vandykei 78 
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Fodder  shocks,  hibernating  places  of  chinch  bug 32 

Formica  rufa  obscuripes,  enemy  of  Autographa  gamma  calif ornica 117 

subpolitaj  enemy  of  AtUograpJia  gamma  califomica 1 18 

Fumigation  against  legume  pod  maggot  (Pegomya  planipalpis) 108 

Fungi  parasitic  on  chinch  bug  (see  also  Sporoiridmm  globuliferum  and  Ento- 

mophlkora  aphidis.) 
observations  by  Kelly  and  Parks,  field  studies 

in  Kansas  and  Oklahoma 41-46 

early 40-41 

Fungous  disease  of  chinch  bug.'    (See  Sporotrichum  globuliferum.) 

Fungus,  Botrytis  rileyi,  parasitic  on  AutograpJia  gamma  califoTnica 118 

probable  cause  of  death  of  larvee  of  Sphenophorus  calUmis 71 

white.     (See  Sporotrichum  globuliferum.) 

Gasoline  torch  against  chinch  bug 38-39 

Gennxus  nychthemeruSy  enemy  of  Eleodes  adults 84 

Geococcyx  calif omicuSy  enemy  of  Eleodee  adults 84 

Geometrid  larvse,  comparison  of  movements  with  those  of  Autographa  gamma 

califomica Ill 

Grackle,  bconzed.     (See  Quiscalus  quiscula  sentus.) 

Grass,  blue-stem,  hibernating  shelter  of  chinch  bug 33 

broom  beard.    (See  Andropogon  scoparius.) 

crab.    (See  Digitaria.) 

forked  beard.     (See  Andropogon  furcatu^s.) 

orchard .     (See  Dactylis  glomerata . ) 

quack.     (See  Agropyron  sp.) 

reed.    (See  Calomagrostis.) 

sedge.    (See  Andropogon  scoparius.) 

swamp.    (See  Tripsacum  dacty hides.) 

wild,  hibernating  shelter  of  chinch  bug 33 

witch.    (See  Panicum  capillare.) 

Hay  in  piles,  hibernating  place  of  chinch  bug 33 

Hemerocampa  leucostigmay  periodical  outbretdcs  and  control  by  parasites 109 

Hen,  sage,     (See  Centroeercus  urophasianus.) 

Heterospilus  mcrdellistenXy  parasite  of  Mordellistena  ustulata 9 

Holaspis  n.  sp.,  parasite  of  Pegomya  planipalpis 108 

papaveriSy  parasite  of  Ceddomyia  spp 108 

parellina,  parasite  of  Ceddomyia  spp 108 

Hyslop,  J.  a.,  paper,  "The  Alfalfa  Looper  in  the  Pacific  Northwest (-4uto^ap^ 

gamma  califomica  Speyer)*' 109-118 

"The  False  Wireworms  of  the  Pacific  Northwest" 73-87 

"The     Legume     Pod     Maggot    (Pegomya    planipalpis 

Stein)" 105-108 

"The  Legume  Pod  Moth  (EHella  zinckerulla  schisticolor 

Zell.)" 89-104 

Kafir  in  piles,  hibernating  place  of  chinch  bug 32 

'  *  Kaloo  bug,"  c4Hoquial  name  lot  Sphenophorus  callosus 54 

Kelly,  E.  0.  G.,  paper,  "The  Maize  BUlbug  (Sphenophorus  maidis  Chttn.)"..  11-52 
and  Parks,  T.  H.,  paper,  "Chinch-Bug  Investigations  West 

of  the  Mississippi  River" 23-52 

Kerosene  emulsion  against  chinch  bug 39 

*  *  Klew,"  colloquial  name  for  SpJienophorus  callosus 53 

"  Klewbug,"  colloquial  name  for  Sphenophorus  callosus 56 

*'  Kloobug,"  colloquial  name  for  Sphenophorus  callosus 53 
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Lam py rid   larvae,  aatiociation  with  SphenopKona  callosus  in  infeeted  hills  of 

com 71 

Lanius  ludovicianuM  gambeli,  enemy  of  Eleodes  adultn 84 

Larka,  homed.     (See  OtocorU  alpe»tris  var.) 
Legnme  pod  maggot.    (See  Pegomya  planipalpis.) 

moth.    (See  Etxella  tintkenella  MckUtieolor.) 

I^egumee,  food  plants  of  EHella  zintkenfJla  tekiMtieolor 90 

Lima  bean.    iSte  Bean,  lima.) 
Lupinefl  (see  also  LupinuB  spp.). 

food  plants  of  Pegomya  planipaipis Iffi 

Lupinut  spp.  («f0  aUo  LuptBes). 

food  photo  oiEiiMaMmskeneUaBfJntHeof or 91 

Mallafd.    (See  Anm  plattfrk^fntkoa.) 

Malva  rotundtfolia,  food  plant  of  Autographa  gamma  cali/omica 112 

place  of  ovi position  of  Autographa  gamma  cali/omica 110 

Mareoa  americana,  enemy  of  Eleodes  adults 84 

** Measuring  worms."    (See  Geometrid  larvsB.) 

MeUmtrpet  erythrocephalxa,  enemy  of  Eleodes  adults M 

Meritut  mordeUistense,  parasite  of  Mordellistena  ustukUa 9 

Microbraeon  hy$lopi,  parasite  of  Etiella  zintkenella  sMiticolor IM 

MieroplitiM  alaskentis,  parasite  of  Autographa  gamma  oalifomica 115 

n.  sp.,  parasite  of  Autographa  gamma  caltfomica Hi 

Mirnu*  polygloUo9  Uucopterut,  enemy  of  Eleodes  adults M 

Mocking  bird,  western.    (See  Mimus  polyglotto%  Uuooptertu.) 

Mordellistena  ustulata 1-9 

adult,  description  of  Le  Conte 6 

life  history  and  habits S 

attack,  character 2 

description  of  different  stages. 3-6 

distribution 2 

egg,  description 3 

life  history- 6 

enemies,  parasitic 9 

hibernation t 

history 1-2 

host  plants 2 

larva,  description $4 

life  history  and  habits ft-T 

movemenU)  in  stem 6-* 

outside  stem 

length  of  several  stages 

life  cycle 

history  and  habits 6-f 

pupa,  description b4 

life  history  and  habits 7 

movements  in  stem 74 

movements  outside  stem < 

remedial  measiu'es f 

Mowing  against  timothy  stem-borer  ( Mordellistena  uUuUUa) S 

Nectar  of  clover  and  alfalfa,  food  of  moths  of  Autographa  gamma  calif omiesa U* 

Nematode  worms,  occurrence  in  adult  Eleodes S? 

Nematodes,  possible  cause  of  death  of  larvne  of  Sphenophorut  callonu 71 
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Nighthawk,  Chordeiles  acutipennis  texensisy  enemy  of  Sph^nophorus  callogus 71 

Nut-graaa,  yellow.    (See  Cy penis  esculentus.) 

Oats,  Beed,  food  of  false  wireworms  (Eleodee) 82 

Otocaris  alpestris  var 84 

O wl ,  "  billy . '  *     (See  Speotyto  cunictdaria  hypogsea . ) 
ground.    (See  Speotyto  cunicularia  hypogsea.) 

Oxyechus  voci/erus 84 

Panicum  capillare,  food  plant  of  SpfienopJufrus  callosus 55,  58 

Parks,  T.  H.,  and  Kelly,  E.  O.  G.    (See  Kelly,  E.  O.  G.,  and  Parks,  T.  H.) 

Peanuts,  food  plant  of  Sphenophorus  callosus 59 

Peas,  Canada  field,  food  plant  of  Etiella  sinckenella  schisticolor 91 

field,  food  plants  of  Pegomya  planipalpis 105 

garden,  food  plants  of  Autographa  gamma  califomica 112 

Pegomya  planipalpis 105-108 

adult,  description 107-108 

description 106-108 

general  account 105 

larva,  description 106 

parasites 108 

pupa,  description 107 

puparium,  description 106 

remedial  and  preventive  measures 108 

PerilitMS  n.  sp.,  parasite  of  Eleodes  sutwralis 85 

Phasianus  reevesi,  enemy  of  Eleodes  adults 84 

torquatus 84 

Pheasant,  Chinese.    (See  Phasianus  torquatus.) 
golden.    (See  Chrysolophv^  pictus.) 
Lady  Amherst.     (See  Chrysolophu^  amherstx.) 
Reeves.    (See  Phasianus  reevesi.) 
silver.    (See  Gennseus  nychthemerus.) 
Phillips,  W.  J.,  paper,  "The  Timothy  Stem-borer,  A  New  Timothy  Insect 

(  Mordellistena  ustulata  Lee.)" 1-9 

Phorocera  saundersiif  parasite  of  Autographa  gamma  califomica 117 

Phrynosoma  comutumy  enemy  of  insects 85 

douglasUy  enemy  of  Eleodes 85 

Plagia  americana,  parasite  of  Auiographa  gamma  califomica 116 

Planesticus  migratarius  propinquus^  enemy  of  Eleodes  adults 84 

Plover,  field.    (See  Bartramia  Umgicauda.) 
killdeer.    (See  Oxyechus  voci/erus.) 

Plowing,  late,  against  false  wireworms 86-87 

under  infested  crops  for  destruction  of  chinch  bug  unsatisfactory 

except  in  certain  cases 39-40 

PlvMa  gamma  califomioa=Autographa  gamma  califomica 109 

Foa,  hibernation  shelter  of  chinch  bug 35 

Poa  spp.,  probably  food  plants  of  Mordellistena  ustulata 2 

Polygonum  avicularCf  food  plant  of  Eleodes  letcheri  vandykei 76 

leaves,  food  of  Eleodes  adults 82 

Paoecetes  gramineus  confinis 1 84 

Potatoes,  seed,  food  of  false  wireworms 82 

Pseudapanteles  etiellxj  parasite  of  Etiella  zinckenella  schisticolor 104 

Qniscalus  quiscula  atneus,  enemy  of  Eleodes  adults 84 

jft&ttlebox,  common.    (See  Crotolaria  sagittalis.) 
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Rkogas  autographs,  parasite  of  AiUographa  gamma  calxfomica 114 

Rice,  food  plant  of  SphenophoruM  aUlosus 55-56, 59 

Road-runner.    ( See  Geoooccyx  cali/omicus. ) 

Robber  fly.    (See  Efxtx  lateralis.) 

Robin,  western.    (See  PUmetticus  mignUoriua  propinquuM.) 

Rotation,  crop.    (See  Crop  rotation.) 

Rumex  sp.,  food  plaiit  oi  Autographa  gamma  cali/ornioa 112 

Rushes,  wild,  hibernating  shelter  of  chinch  bug 33 

Sage  hen  (Centrocereu*  urophatianus),  enemy  of  false  wireworms  (Eleodes) 73 

Samlmcta  ap.,  food  pbait  oi  Autographa  gam$na  californica 112 

8argarUi$  websteri,  parasite  of  Autographa  gamma  caltfamica 115-1 16 

Sddxoprymnui  philUpsif  parasite  of  Mordellutena  lutulata 9 

Sedge,  Frank's.    (See  Cartxfrankii.) 

Shrike,  California.    (See  Laniui  Ituhvicianus  gambeli.) 

SiaUa  mexicana  occidentalU,  enemy  of  false  wireworms  (Eleodes) 76, 85 

Skunk,  enemy  of  Eleodes 85 

Sparrow,  western  vesper.    (See  Pwscetei  grtmiueus  confirm.) 

Spartium  jtmceum,  food  plant  of  EtieUa  zinckenella  sckisticolor 91 

Speotyto  cunicularia  kypogsca 84 

enemy  of  Eleodes 85 

dpkenophoras  callonu 53-71 

adult,  description  and  life  history 63-^ 

bureau  notes 54-^57 

description  and  life  history 58-68 

distribution 57-58 

egg,  description  and  life  history 59-60 

food  plants 58-59 

history  of  species 54 

injury  by  beetles 67-68 

larvae  to  com 61-63 

larva,  description  and  life  history 60-61 

life  history  and  description  of  stages 59-68 

natural  enemies 71 

pupa,  description  and  life  history 63 

recent  investigations  by  Bureau  of  Entomology 68-69 

related  to  Sphenophorus  jrutidis 53 

remedial  and  preventive  measures 69-71 

Sphenophorus  sculptUis  Horn  a  synonym 54 

cariosusj  name  incorrectly  used  for  Sphenophorus  callosus 55 

Sphenopfiorus  sculpHlis  Uhler  a  synonym 54 

moidis,  adult,  description  and  life  history 20-22 

comparison  of  larva  with  that  of  Sphenophorus  callosus. .         60 

depredations,  records 22 

description  and  life  history 16-22 

distribution 15 

compared  with  that  of  Sphenophorus  callosus .        57 

early  records 11-12 

egg,  description  and  life  history 16 

food  plants 15-16 

generations,  number 22 

history  of  species 12-14 
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Sphenophorus  maidiSf  injuries  since  1895 14-15 

larva,  description  and  life  history. 16-19 

life  history  and  description  of  stages 16-22 

pupa,  description  and  life  history 19-20 

related  to  Sphenophorus  callosity 53 

remedial  measures 22 

pertinax,  name  incorrectly  used  for  Sphenophorus  maidis 12 

robustiiSf  name  incorrectly  used  for  Sphenophorus  maidis 11-12 

sculptilis  'HoTn==Sphenopfiorus  callosus 54 

\Jh\er=Sphenophorus  cariosus 54 

Sporobolus,  hibernating  shelter  for  chinch  bug 35 

Sporotrichum  globtUifcrum  (see  also  Fungi  parasitic  on  chinch  bug). 

effect  of  dry  weather  thereon 32 

experiments  in  inoculation  of  dead  chinch  bugs 47-48 

live  chinch  bugs 48-50 

fungous  parasite  of  chinch  bug 40-50 

artificial  introduction, 

field  studies 44-46 

conclusions  as  to  prac- 
tical efiicienry 50 

Squirrel,  ground.    (See  OUelltis  tovmsendi,) 
Stalk-borer,  lesser  com.    (See  Diatrasa  saccharalis.) 
Stem-borer,  timothy.    (See  Mordellistena  ustulata.) 

Straw  in  piles,  hibernating  place  of  chinch  bug 33 

Strychnia  sulphate  ineffective  as  repellent  against  false  wireworms  (Eleodes) . .  87 

Sugar  sirup,  food  of  Autographa  gamma  calif omica  moths  in  confinement 110 

Tar,  coal.     (See  Coal  tar.) 

Tetramorium  csespiium,  enemy  of  Eleodes 85 

Thrasher,  curve-billed.    (See  Toxosloma  curvirostre.) 

Timothy,  host  plant  of  Mordellistena  ustulata 2 

stem  borer.     (See  Mordellistena  ustulata.) 
Toad,  garden.    (See  Bufo  sp.) 

homed  (see  also  Phrynosoma  comuium). 

(Phrynosoma  douglasii),  enemy  of  false  wireworms  (Eleodes) 75,  S5 

little  homed,  colloquial  name  for  Phrynosoma  douglasii 85 

sand,  colloquial  name  for  Phrynosoma  douglasii 85 

Toxostorma  curvirostre,  enemy  of  Eleodes  adults 84 

Tripsojcum  dactyUndeSy  food  plant  of  SpheTiophorus  callosus 58 

mmdis 15-16.21 

Tumbleweed.    (See  Panicum  capUlare.) 

Turkeys,  Eleodes  adults  distasteful  and  not  eaten 84 

Tussock  moth,  white-marked.    (See  Hemerocampa  leiicostigma.) 

Vegetable  matter,  decaying,  food  of  Eleodes  adults 82 

Vetch,  milk.    (See  Astragalus  sp.) 

Wbbster,  F.  M.,  paper,  **The  So-Called  Curlew  Bug  (Sphenophorus  callosus 

Oliv.)" 53-71 

Wheat,  seed,  food  of  Corymbites  inflatus 74 

Eleodes  adults ,. 82 

Eleodes  opaca 74 

suturalis 74 

^           false  wireworms  (Eleodes) 82 
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remedial  and  pre\'entive  measures 86-S? 

Woodpecker,  hairy.    (See  Dryobates  vUlonu. ) 

Lewis's.    (See  Asyndesmtu  Uwisi.) 
red-headed.    {See  Melanerpes  en/throeephalvs.) 
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